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DIFFERENTIATION AND IDENTIFICATION OF THE 
SPORULATING ANAEROBES * 

Ivan C. Hall 

From the Department of Hygiene and Bacteriology, University of Chicago, Chicago. III., and 

the Department of Bacteriology and Experimental Pathology, University of 

California, Berkeley. Calif. 

This paper undertakes a taxonomic organization of the anaerobic 
bacteria. It is based on a study of 73 pure strains, all but 4 of which 
belong to 15 species. A new species, B. centrosporogenes, is described 
from 4 cultures. Much use has been made of the excellent contribu- 
tions of the Medical Research Committee * and of Weinberg and 
Seguin 2 and other recent investigators who have appreciated the neces- 
sity of purity of culture as a fundamental premise in the description 
of bacterial species. Three species that have not been recognized in my 
work are included in the differential key (chart 1) solely on a basis of 
the published descriptions. The 4 unidentified cultures in the collection 
have not been included, pending a more thorough study. 

THE PURITY PROBLEM 
The building of the collection had not proceeded far when it was 
realized that many of the cultures were impure and more were improp- 
erly named, owing perhaps to the survival of a contaminant. The 
solution of the taxonomic problem was conceived to involve absolute 
purity of the cultures ; impurity appears now to have been the most 
serious former obstacle to progress in the taxonomy of the anaerobes. 
After several years of study, two methods of purification were 
selected as being of greatest utility, namely, deep agar dilution (depth 
colonies) and the blood agar slant (surface colonies) method. 3 Fur- 
ther experience teaches that while the latter has its limitations, so also 
has the former; there are advantages in the consecutive use of both. 
All new cultures should be regarded as possibly contaminated or mis- 
Received for publication Dec. 1, 1921. 

* This work -was sustained in part by a grant under' the Logan Fellowship at the 
University of Chicago in 1919-20. and by grants from the National Canners' Association, and 
from the Board of Research at the University of California in 1920-21. 

1 Reports of the Committee upon Anaerobic Bacteria and Infection, Special Report Series 
39, 1919. 

8 La Gangrene gazeuse, 1918. 

3 Jour. Infect. Dis., 1920, 27, p. 576. 
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named. Cultures received bearing labels are first tested for the salient 
characters of the organisms indicated, then repeatedly passed through 
the routine of purification, using first the deep agar, then the blood 
agar surface, culture method. Sometimes several attempts have to be 
made before securing well separated colonies. Always a careful scru- 
tiny is made for differences in colony type that might indicate the 
presence of more than one species. Colonies of different appearance 
are picked separately with a view to differentiation. In several 
instances more than one species came from a single culture. On the 
contrary, in some instances differently appearing colonies later proved 
identical. In the latter the colony differences were rarely constant 
and may have been due to differences in age of the individual colonies 
in a single tube. Thus, while colony differences may indicate con- 
tamination in some cases, in others they do not. It has been my prac- 
tice generally to subject each culture to one or the other or both 
purification processes repeatedly, until it has shown no dissimilar colo- 
nies in a single tube on at least three successive occasions. In the 
detailed discussion the total time occupied in purification is stated as 
an index of the labor involved, daily examination being made in order 
to push the procedure as rapidly as possible. 

The necessity of extreme care regarding the purity and identity of 
named stock cultures received from other laboratories was shown 
recently. 4 Cultures of anaerobes require exceptional care to avoid 
contamination and loss of identity ; no culture can be accepted on its 
face value. 

Once a culture is purified it must be watched constantly for recur- 
rent contamination. Imperfect sterilization is the chief cause of 
anaerobic contamination, but one still has to guard against aerobic 
contamination. I test every transplant by subculture on aerobic agar 
in slants or Petri dishes which must remain barren on incubation. 

The stock cultures in the collection are kept in duplicate in deep 
brain medium without any seal other than that provided by the depth 
of the medium itself. The cultures are inoculated by loop, incubated 
at 37 C. for 24-48 hours, tested for aerobic contamination and placed 
in a clean, dark cupboard at room temperature. Especial care is exer- 
cised to have good cotton stoppers wrapped in gauze. Transplants are 
made at intervals of 1-2 months or oftener if needed. None of the 
cultures has been handled since purification by any other person than 

' Proc. Soc. Exper. Biol. & Med., 1921, IS. p. 314. 
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the writer during the past six years. Some unfortunate experiences in 
depending on assistants previous to that time taught the necessity of 
assuming the whole burden of responsibility. 

IDENTIFICATION 

Little attention was paid to identification until approximately 50 
strains had been purified. Certain strains had never shown any evi- 
dence of contamination and were possessed of such outstanding charac- 
teristics that there could be no question of their identity. Thus our 
conceptions of the non-motility and stormy milk fermentation of B. 
welchii, and of specific toxin formation of B. tetani and B. botulinus 
were sufficient to identify. More difficult were the "blackleg bacillus," 
Vibrion septique, and "bacillus of malignant edema," whose tangled 
history and nomenclature were so ably unraveled by Weinberg and 
Seguin, 2 and the terminally spored organisms. I was fortunate in 
having at hand cultures of B. chauvoeii, Vibrion septique, and "bacillus 
of malignant edema" in which no evidence of impurity had been found 
and which had been made the subjects of careful record by Meyer. 5 
Some of the more recently described species were obtained from 
Messrs. Weinberg and Seguin in Paris and from the Lister Institute, 
London. 

The first step was to separate the proteolytic from the nonproteo- 
lytic cultures as judged by the action on brain medium. The next 
involved the production of agglutinating serums for the known strains 
with which it was thought that certain of the unknown strains could 
be identified. But while agglutinating serums were made for every 
species except B. egens, B. aerofetidus, B. novyi, B. multifermentans- 
tenalbus, and B. fallax, only that for B. bifermentans failed either to 
subdivide the species or to react simply with the culture used in immu- 
nization. Notwithstanding the successful segregation of 3 strains of 
B. bifermentans, of 19 out of 24 strains of B. sporogenes, of 3 type "B" 
strains of B. botulinus, of certain strains of B. tetani and of Vibrion 
septique by specific agglutination, this means of identification is subject 
to such limitations as to be of little practical value. 

Adequate identification may be based on certain criteria which 
should be applied, as far as possible, in order, as follows : Morphology, 
vegetative forms, spores, flagella (motility) ; cultural reactions; action 
on proteins, coagulated albumin (brain or meat mediums), gelatin; 
action on carbohydrates ; pathogenicity. 

« Jour. Infect. Dis., 1915, 17, p. 458. 
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These points were utilized in setting up the appended differential 
key (chart 1). 

CHART 1. 

A Differential Key for the Sporulating Anaerobes 

1. Spores central (rarely subterminal) ; not swelling the rod; often difficult 

to demonstrate in the nonputrefactive forms (No record for B. egens). 
Nonmotile rods. 

Coagulated albumin liquefied ; brain blackened ; gelatin liquefied ; 

lactose not fermented B. bi f ermentans 

Coagulated albumin not liquefied ; brain not blackened (except in 
presence of iron by B. welchii) ; gelatin liquefied (no record 
for B. egens). 

Lactose fermented B. welchii 

Glycerol and inulin fermented type 1 

Glycerol fermented; inulin not fermented type 2 

Glycerol not fermented; inulin fermented type 3 

Neither glycerol nor inulin fermented type 4 

Lactose not fermented B. egens. 

Motile rods. 

Coagulated albumin liquefied ; brain blackened ; gelatin liquefied 

B. centrosporogenes, N. Sp. 

Coagulated albumin not liquefied ; neither plain nor iron brain 

blackened; gelatin not liquefied (or only tardily).. B. butyricus 

2. Spores subterminal (rarely central) ; always when mature swelling the rod 

into clostridiums. 
Motile rods. 

Coagulated albumin liquefied ; brain blackened ; gelatin liquefied. 

Lactose fermented B. aerofetidus 

Lactose not fermented : 

Filtrates toxic for guinea-pigs on feeding. .. .B. botulinus 

Toxic for chickens type A 

Slightly or nontoxic for chickens type B 

Filtrates nontoxic on feeding : 

Cultures pathogenic on injection in doses of 1 cc 
or less; lytic action peculiar to this species 

B. histolyticus 

Cultures nonpathogenic except in large doses 

B. sporogenes 

Coagulated albumin not liquefied ; brain not blackened. 

Gelatin liquefied; usually pathogenic for guinea-pigs (see B. 
novyi). 
Lactose fermented : 

Saccharose fermented ; salicin not fermented 

B. chauvcei 

Saccharose not fermented ; salicin fermented 

. Vibrion septique 

Lactose not fermented B. novyi 

Gelatin not liquefied : 

Lactose and glycerol fermented. B. multifermentans-tenalbus 
Lactose and glycerol not fermented B. f allax 
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3. Spores terminal. 

Spores round or nearly round ; rods motile. 

Coagulated albumin slowly liquefied; plain brain slightly, iron brain 
markedly blackened ; gelatin liquefied ; glucose not fermented. 

Toxic on injection, causing tetanus B. tetani 

Nonpathogenic B. putrificus 

Coagulated albumin not liquefied ; neither plain nor iron brain blackened. 

Gelatin liquefied slowly; lactose and salicin not fermented 

B. tetanomorphus 

Gelatin not liquefied; lactose and salicin fermented. .B. sphenoides 
Spores elongate : 

Motile rods ; coagulated albumin not liquefied ; neither plain nor iron 
brain blackened ; gelatin not liquefied B. tertius 

This key is to some extent still in a formative stage ; perhaps addi- 
tions will be necessary to include properly described organisms that 
may have been omitted, and new organisms that may be described 
hereafter. It follows admittedly the beginning made by the Medical 
Research Committee but undertakes a greater detail. 

MORPHOLOGY AS A CRITERION IN IDENTIFICATION 
Morphology should be utilized just as far as possible as the primary 
means of differentiating living organisms. In the study of a given 
culture, an early emphasis on morphology serves to some extent as a 
check against otherwise undetectable contamination. 

VEGETATIVE FORMS 

While each species of anaerobe presents certain tendencies in the 
morphology of its vegetative forms, differences in the vegetative 
morphology are not of great differential value owing to pleomorphic 
tendencies. Most of the known forms are gram-positive rods. The 
gram stain has therefore only a limited usefulness for differentiation. 
The breadth of the vegetative rods in a given species is to some degree 
subject to less variation than their length and is therefore fairly char- 
acteristic. 

FORM OF THE SPORES 

The form of the spores appears to be constant and characteristic 
for the species. Three distinct groups may be differentiated — one 
with central spores which do not swell the rods, a second with subter- 
minal or clostridial spores, and a third with terminal or plectridial 
spores. The last may be again subdivided as the spore is round or 
elongate. 
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Spores are formed most abundantly in mediums not containing 
fermentable carbohydrates in excess. Deep brain medium, Robertson's 
alkaline egg broth, 6 deep meat infusion agar and blood-agar slants 
provide excellent conditions for sporulation. 

The use of spores as the criterion for the primary subdivision of 
the anaerobes is distinctly limited in that certain species, such as B. 
welchii, and B. aerofetidus, produce spores only sparsely under cultural 
conditions. Certain strains even of species known to produce abundant 
spores, may produce few or none. Thus two strains of B. botulinus 
have as yet failed to reveal spores with certainty, after the most diligent 
and prolonged search. It so happens that this species may be recognized 
beyond a doubt by the specific action of its filtrable toxin. So in some 
cases it is necessary to pass on to other features in the identification, 
but the search for spores concentrates the attention early in the study of 
a given culture on one of its most important idiosyncrasies. 

FLAGELLA AND MOTILITY 

Flagella may be postulated on the demonstration of motility. Ulti- 
mately a staining method may prove superior, but an intensive study of 
flagella staining has not yet developed any technic that justifies the 
assumption that flagella are absent when they cannot be stained. 

While the inhibition of motility of some strains by exposure to air 
or the loss of motility after a few hours of incubation present difficulties 
in technic and fallacies of interpretation, motility constitutes a satis- 
factory criterion if too much confidence is not placed in negative results. 

Suitable material for motility tests may be secured with a minimum 
of exposure from the closed arm of the writer's new fermentation tube 
with marble seal, by means of a pipet. Only young cultures should be 
examined for motility, as old cultures are frequently nonmotile. Motil- 
ity in most strains may be determined at 24 hours but nonmotility 
should be recorded finally, if ever, for cultures examined as early as 
growth becomes evident (see B. centrosporogenes N.Sp.). Age of 
culture is unquestionably one of the most important elements in the 
determination of this function. 

Hollow ground slides are not recommended; plain slides provide 
more nearly a single plane of distribution of the organisms and give 
better protection from the air. The complicated device of Dunham 7 
is not. practical. 

6 Jour. Path. & Bacterid., 1916, 20, p. 327. 

7 Bull. Johns Hopkins Hosp., 1897, 8, p. 74. 
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A preliminary test may be made by placing the liquid culture on a 
plain glass slide under a coverslip with the high power lens. If 
definitely motile, no further examination is necessary; if apparently 
nonmotile, further tests should be made in which the culture is better 
protected from the air by means of a ring of petrolatum. Final decision 
as to nonmotility should be made only after testing very young cultures 
in various liquid mediums, with and without glucose and with a warm 
(37 C.) stage or with the microscope in a warm box. 

PROTEOLYSIS AND PUTREFACTION AS CRITERIA IN 
IDENTIFICATION 

Fischer 8 defined putrefaction as "the biochemical decomposition of nitrogen- 
ous organic compounds by the action of microorganisms," and this definition was 
accepted by Kendall," who considers that most aerobic as well as anaerobic 
bacteria, produce putrefaction in this sense in mediums free from fermentable 
carbohydrates, as shown by their increased ammonia production. Rettger," 
holds that putrefaction is a function peculiar to certain obligate anaerobes, the 
criterion of putrefaction being a foul odor. Rettger failed to find indol and 
skatol in sufficient quantity to serve as a criterion for putrefaction, an observa- 
tion confirmed by my strains of B. sporogenes and B. botulinus, using the 
delicate Ehrlich test. B. bifermentans, however, produces indol. Rettger would 
not admit liquefaction of albumins as a criterion of putrefaction and dis- 
tinguished the decomposition of albumins due to certain aerobes as nonputre- 
factive and pointed out that "decomposition of albumin by the aerobes is never 
accompanied by the foul odors which are so characteristic of putrefaction." 

Acceptance of the latter statement depends to some extent on one's 
conception of a "foul odor." We have to distinguish between various 
grades of proteolysis. Few investigators regard streptococci as pro- 
teolytic, yet they liberate distinctly more ammonia in sugar free 
mediums than in mediums containing glucose, 9 but they never produce 
foul odors. Bact. coli liberates much more ammonia and, in the writer's 
opinion, produces a distinctly foul odor in nonsugar mediums. But 
neither organism liquefies gelatin or coagulated albumins. Proteus 
vulgaris and Pseudomonas pyocaneus, on the contrary, produce abun- 
dant ammonia, liquefy both gelatin and coagulated albumins, and pro- 
duce foul odors in mediums not containing fermentable carbohydrates 
in excess. 

What is acceptable evidence of proteolysis? One aspect of the 
question concerns those phenomena that attend the destruction of 
protein without regard to the special products formed, the other the 

8 Vorlesungen fiber Bakterien, 1903, 2, p. 206. 

9 Jour. Med. Res., 1911, 20, p. 140; also Bacteriology, General, Pathological, Intestinal, 
1916. 

10 Jour, of Biol. Chemistry, 1908, 4, p 45. 
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production of various end products, proteoses, albumoses, amino acids, 
mercaptan, sulphuretted hydrogen, indol, skatol, etc. The products 
undoubtedly vary according to the organism, and, furthermore, require 
special chemical tests for their demonstration ; it is preferable, there- 
fore, in the beginning, to utilize criteria of proteolysis that are generally 
applicable without highly specialized procedures. Odor alone, however, 
is unsuitable owing to the difficulty of its objective interpretation. 
Liquefaction, on the contrary, offers a criterion of proteolysis that is 
easily interpreted and described ; it presents only this difficulty, that 
some organisms liquefy coagulated proteins so slowly and so slightly 
that some qualification is necessary to distinguish them from non- 
proteolytic organisms. Proteolysis in this sense is a narrower term 
than in Fischer's definition of putrefaction since a number of organisms 
deaminize proteins in order to get at the carbon for their energy 
requirements, without carrying the destruction of the protein to the 
point of liquefaction. In this narrower sense such organisms are 
regarded as nonproteolytic, while proteolytic micro-organisms are those 
that liquefy coagulated albumins, egg white, blood serum, meat, brain 
tissue, etc. 

Certain conditions must be provided in testing for proteolysis. 
Some micro-organisms require a fermentable carbohydrate in order to 
grow; on the contrary, an excess of fermentable carbohydrate tends 
to inhibit proteolysis. I observe proteolysis in a brain medium 3 con- 
taining 0.1% added glucose. The modicum of fermentable sugar 
stimulates the growth but is soon exhausted so that it does not inter- 
fere with protein splitting. 

DISCOLORATION OF BRAIN AND MEAT MEDIUMS 

All of the actively proteolytic anaerobes blacken brain and chopped 
meat mediums under proper conditions, owing apparently to the pre- 
cipitation of a sulphur compound by sulphuretted hydrogen, as can be 
proved by the lead acetate test. The addition of a few drops of ferric 
chloride or lead acetate solution to brai" cultures that show liquefac- 
tion throws down an intense, heavy, granular, or flaky metallic black- 
deposit, but no such result can be secured with cultures of B. butyricus, 
B. chauvcei, B. novyi, B. tetanomorphus, B. sphenoides or B. tertius, 
which have little or no digestive action on proteins and do not blacken 
brain mediums. 

An excess of fermentable carbohydrate, say 5% glucose, inhibits 
the blackening by putrefactive anaerobes, and smaller quantities dis- 
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tinctly delay it through a very evident protection of the protein. But 
a modicum of glucose, i. e., less than an excess, is of value in the 
initiation of a heavier development of bacteria, and the black deposit is 
distinctly more marked with peptone present. 

The discoloration is greatest near the top of the medium, which 
von Hibler " explained as due to the greater concentration of gas there. 
He believed that iron sulphid was formed and that the iron was derived 
from traces of hemoglobin in the tissues. But this seems improbable 
since the addition of blood failed to increase the blackening of brain 
medium by B. sporogenes, B. botulinus, or B. tetani, or to cause its 
production by B. welchii. It seems likely that the iron responsible for 
the blackening of brain and meat mediums by putrefactive anaerobes 
is derived from those compounds in the tissues in which iron is less 
firmly bound than in hemoglobin. 12 

The addition of metallic iron and of some iron salts to these 
mediums greatly increases the blackening; a most striking result is 
obtained by the inclusion of a clean iron nail. The strongly proteolytic 
and putrefactive anaerobes, such as B. bifermentans, B. sporogenes, 
B. centrosporogenes, and B. botulinus, produce a much earlier and 
heavier deposit, but no difference is to be seen in cultures of the 
nonputrefactive B. butyricus, B. chauvcei, Vibrion septique, B. novyi, 
B. tetanomorphus, B. sphenoides and B. tertius. 

Intermediate between these are B. welchii, B. tetani, and B putri- 
ficus, for while these weakly proteolytic organisms do not ordinarily 
blacken brain mediums, they produce sulphuretted hydrogen accord- 
ing to the lead acetate test. But metallic iron and certain iron salts 
cause distinct blackening in all three. According to von Hibler, a 
distinctly alkaline reaction is necessary, and B. welchii, being only 
weakly proteolytic, fails ordinarily to produce a sufficient OH- ion 
concentration to blacken. My experiments suggest that the failure 
of B welchii, B. tetani, and B. putrificus, to blacken ordinary brain and 
meat mediums hinges in part on their inability to liberate the iron from 
the tissues in sufficient quantity to precipitate the sulphid. 

The presence of metallic iron does not lead to any marked discolora- 
tion of the medium without bacterial growth. Copper does, however, 
and must be avoided in the utensils employed in the preparation of 
the medium. 

•' Untersuchungen fiber pathogene Anaeroben, 1908. 
« Chemical Pathology, 1918. 
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The fact that quite a number of proteolytic anaerobes, including 
B. bifermentans, B. centrosporogenes and B. histolyticus, produce crys- 
tals of tyrosine suggested, in view of the supposed oxidation of tyrosine 
to melanin by tyrosinase, 12 that the black coloring matter in meat and 
brain cultures of proteolytic anaerobes might be identical with melanin. 
This was disproved by the observations that various proteolytic anae- 
robes produce tyrosine abundantly in salmon flesh without blackening, 
although they blacken meat and brain mediums. The digestive action 
of these organisms in salmon was evident, and the H,S test was 
strongly positive with lead acetate. The reaction of the salmon cul- 
tures became alkaline as in meat. Furthermore, sulphuretted hydrogen 
passed through uninoculated salmon medium failed to discolor it while 
it darkened the beef. The darkening of beef and brain mediums seems 
to be due to the precipitation by sulphur of some cation, probably iron, 
that is absent from salmon flesh, for the inclusion of an iron nail insures 
an abundant black discoloration in salmon medium. The blackening 
of brain and meat mediums is therefore independent of the formation 
of tyrosin and is perfectly correlated with the production of H 2 S in 
the presence of iron. 

In a strict sense, an increase in alkalinity (OH- ion concentration) 
should be regarded as the criterion of proteolysis, but many bacteria 
that have only the mildest action on proteins would then have to be 
classed as proteolytic. 

Liquefaction and the blackening of brain medium either with or 
without added iron are therefore the most convenient macroscopic 
criterions of proteolysis. 

GELATINOLYSIS 

All the organisms that liquefied coagulated proteins also liquefied 
gelatin. But gelatin liquefaction is not peculiar to the liquefiers of 
coagulated proteins. It extends to all organisms that produce H 2 S 
as well as to some that do not. Gelatin liquefaction has therefore no 
differential value among proteolytic anaerobes, but its usefulness is 
limited to differentiation of nonproteolytic organisms. However, the 
prominence given gelatin in Chester's "Manual of Determinative Bac- 
teriology" in the differentiation of anaerobes is wholly unjustified and 
misleading. 

The usual principles regarding the presence of fermentable sugars 
apply ; a modicum is necessary to insure growth but an excess in some 
cases inhibits or retards liquefaction. I add 0.2% glucose to 12% 
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gelatin, 2% peptone meat infusion (P H = 7.0). Perfect clarity is not 
necessary. 

The first report of the Medical Research Committee on Classifica- 
tion and Study of the Anaerobic Bacteria of War Wounds in 1917 
considered gelatin liquefaction "highly unsatisfactory" as a criterion of 
differentiation; the second report in 1919 made use of gelatin as a 
means of subdividing those anaerobes that do not liquefy coagulated 
serum. The method of securing anaerobiosis was not mentioned, but 
the tubes were incubated at 37 C. for 48 hours and then tested by 
immersion in cold water. 

Weinberg and Seguin 2 tested gelatin liquefaction in deep tubes, 
presumably at room temperature since the form of the colonies was 
described. 

•In my experience, gelatin at 37 C, like broth, unless provided with 
a definite seal, must be quite deep to secure satisfactory growth on 
account of convection currents which aid oxygen absorption; at room 
temperature accurate results may be secured in deep culture if one 
waits several days or weeks. The records are based on tests in con- 
stricted tubes with marble seals, with incubation at 37 C. and daily 
cooling in the ice chest to determine liquefaction. 

It is necessary to control gelatin liquefaction tests carefully for 
satisfactory growth, for aerobic contamination and for failure of lique- 
faction in uninoculated tubes. Some difficulty in securing satisfactory 
growth in gelatin might be attributed to the instability of the reaction 
which tends to become too acid during sterilization. Vigorous growth 
usually leads to gas formation, and a darkening of the sediment in the 
base of the tube, which appears as an all but constant accompaniment 
of anaerobic growth in gelatin. 

With vigorous growth, liquefaction occurred, if at all, as a rule 
during the first 48 hours, although certain cultures required several 
weeks. Further work on the conditions that govern liquefaction by 
anaerobes is desirable. 

FERMENTATION TESTS AS CRITERIA IN IDENTIFICATION 
The use of differential fermentation tests in anaerobic bacteriology 
has been retarded by lack of agreement as to criteria and by inadequate 
methods of technic. My efforts to solve some of the problems of the 
fermentation tests have already resulted in the extension of the 
mechanical seal principle to the fermentation tube, 13 the advocacy of 
B. welchii in the preparation of sugar-free culture mediums, 14 and the 

18 Jour. Infect. Dis., 1921, 29, p. 317. 
" Ibid., p. 344. 
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conclusion that an increase in H-f ion concentration constitutes the 
best single criterion of fermentation. 13 The designation of an increase 
in dissociated hydrogen as the criterion of fermentation caused me 
finally to disregard gas production in the fermentation tests. There 
is, however, evidence to show that in some cases large gas production 
may compensate for a slight increase in H + ion concentration and 
vice versa, so that perhaps both should be taken into account. The 
tests reported were made with meat infusion 2% peptone broth fer- 
mented out with B. welchii, readjusted to P H = 7.0 when necessary, 
and sterilized in constricted tubes with marble seals. The carbo- 
hydrates were chemically pure; they were sterilized by autoclave in 
10% solution in neutral distilled water, and added aseptically to make 
1% final concentration. Uninoculated controls of each sugar and 
inoculated sugar-free broth controls were included in every test. The 
earlier tests utilized azolitmin as indicator; it decolorizes below the 
seal, but shows acidity changes readily above. Recently, owing to 
difficulty in securing good azolitmin, I have pipetted out from below 
the seal about 1 c c of culture into a white porcelain test plate and added 
2 drops of brom-thymol blue. Acidity is shown by a yellow color. 

CULTURES 

The various strains are discussed in the order of appearance of the 
species to which they were assigned in the diagnostic chart. The date 
of original receipt is given in each case to show the length of time they 
have been under study. 

Anaerobes with Centrally Located Spores 

This group comprises B. bifermentans, B. welchii, B. egens, B. cen- 
trosporogenes N.Sp., and B. butyricus. 

BACILLUS BIFERMENTANS 

This species was first recognized by Tissier and Martelly 16 in 1902 
when they recovered it from tainted meat and designated it B. bifer- 
mentans sporogenes. Tissier 1T again encountered it in 1916 in war 
wounds. Weinberg and Seguin 2 recovered B. bifermentans twice from 
among 91 cases of gaseous gangrene, but did not consider it an impor- 

'« Tbid.. p. 321. 

'" Ann. tie 1'Tnst. Past.. 1902, 16. p. 865. 

17 Ibid.. 1916. 30. n. 681. 
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tant factor in this infection; it probably plays a role similar to that of 
B. sporogenes in mixed wound infections. 

I have isolated 3 strains as follows: 1 from the heart blood of a 
rabbit at necropsy, 1 from a carious tooth, and 1 from the liver of a 
rabbit at necropsy. These cultures were first grouped with other 
proteolytic anaerobes in the collection, notably B. sporogenes and B. 
botulinus, which they resemble culturally. They were separated from 
the latter on the basis of their nonpathogenicity, from the former 
through their failure to be agglutinated by a specific serum prepared 
against B. sporogenes 10, and from both by the central position of their 
spores and nonmotility, and were finally grouped by means of a specific 
serum prepared against culture 50. 

B. bifermentans 50 was recovered in May, 1916, from the heart blood of an adult female 
rabbit that died suddenly from an undetermined cause. Intravenous injection of a rabbit with 
1 c c of an 8-day brain culture plus 5 cc glucose broth culture failed to establish a suspected 
etiologic relation; it was regarded therefore as a postmortem invader. 

This culture has never shown any evidence of anaerobic impurity; hay bacillus contami- 
nations were twice eliminated by selective bacteriostasis. 18 It was reisolated twice from 
single colonies by the surface culture method in 1917. There was some difficulty in securing 
well separated surface colonies with this culture owing to a tendency to form a lace-like 
confluent growth' on the surface of blood agar, but well separated depth colonies were secured 
in 1% meat infusion agar without difficulty. 

B. bifermentans 70. — This was recovered Dec. 6, 1917, from the packing of a carious 
tooth. The initial culture was apparently pure and free from aerobes, although examination 
of other packings from the same tooth showed streptococci in addition. 

The culture was easily repurified 3 times from well separated surface colonies on plain 
agar slants under alkaline pyrogallol, and 3 times from blood agar slants within the time 
of about one month. There was no essential difference in the form of the colonies on plain 
agar and blood-agar slants. The isolated culture possessed the properties of the initial culture. 

B. bifermentans 102. — March 3, 1920, a normal rabbit was killed by a blow on the head 
and then placed in the incubator at 37 C. as a control in a test of the ability of various 
anaerobes to simulate the well-known effect of B. welchii. At 24 hours the abdomen was only 
slightly inflated; incubation was continued to 48 hours. The belly was then greatly inflated, 
and the hair slipped easily. There was no subcutaneous emphysema as with the inoculated 
animals. The distention of the belly was due to gas in the intestinal tract, not in the tissues 
or body cavities, but the heart chambers contained some gas. No heart blood could be secured. 
The gas burned with a blue flame. The liver was not foamy though considerably softened; 
impression smears from its cut surface showed large gram-positive single rods. 

The initial culture secured from the liver in deep brain medium was apparently pure; 
well separated deep colonies in meat infusion agar were all alike. The culture was repurified 
on three successive occasions from such deep colonies, and the purified culture was shown 
to be identical with the original. 

In addition a culture labeled "B. .bifermentans No. 506, Strain F," from the 
Lister Institute, London, like 3 other strains of central spored proteolytic 
anaerobes, while nonmotile in cultures of 24 hours' or more incubation, is 
actively motile at 8 hours, and must therefore be excluded as constituting 
another species. There was no evidence of impurity in the English culture 
(see B. centrosporogenes N.Sp., No. 145). 

Morphology. — B. bifermentans cultures consist of large gram- 
positive nonmotile rods forming oval spores that do not swell the 
vegetative form. Free spores are slightly barrel-shaped, their location 

i« Hall, Jour. Am. Med. Assn., 1919, 72. p. 274. 
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in the vegetative cell being best determined in young cultures. Vegeta- 
tive forms are usually single or in chains of 2-3 cells and are always 
nonmotile. 

Colony Form. — The form of blood-agar surface colonies is not 
sufficiently constant to have diagnostic value. Those of culture 50 were 
always irregular, ameboid, or even lace like, spreading over the surface 
of the medium. Those of cultures 70 and 102 were always round like 
dew drops. All were hemolytic. 

In deep 1% meat infusion agar the colonies were granular, diffusely 
opaque globules, tending to break up as they became older. 

Physiology. — All 3 cultures are highly proteolytic, liquefying the 
coagulated albumin in deep brain and meat mediums and coagulated 
egg white, with marked blackening. Gelatin is actively liquefied. Indol 
is formed in suitable sugar-free mediums. 

The action on milk is characteristic of putrefactive anaerobes, slow 
coagulation with little or no gas formation at first followed by liquefac- 
tion with slight gas production. 

Glucose and glycerol were fermented by all 3 cultures; lactose 
saccharose, salicin, inulin and sugar-free broths were not fermented. 

Pathogenicity. — There is no evidence of pathogenicity in pure cul- 
tures of B. bifermentans, either in the literature or in our own records. 
At various times guinea-pigs were injected subcutaneously with 1-2 c c 
and rabbits intravenously with 2-5 c c without any demonstrable effect. 

BACILLUS WELCHII 

This species is perhaps one of the best understood anaerobes, espe- 
cially since the able reviews of Simonds, 19 Jablons 20 and Esty. 21 B. 
welchii is readily defined as the only nonmotile anaerobic bacillus pro- 
ducing a stormy fermentation in milk, although the latter is somewhat 
irregular and varies, as Simonds 22 showed, according to the perfection 
of anaerobiosis provided. The following 6 strains came: One from 
human feces, 1 from a stock laboratory culture labeled B. tetani, 1 from 
a guinea-pig inoculated with soil, 1 from a spoiled can of Swiss chard, 
1 from the stomach of a woman dead of botulism, and 1 from the 
tissues of a cow dead of a disease of unknown etiology. 

»» Monograph 5, Rockefeller Inst, for Med. Res., 1915. 
20 Jour. Lab. & Clin. Med., 1920, 5, p. 374. 
*> Jour. Bacteriol., 1920, 5, p. 375. 

82 Compt. rend. Soc. de bio!., 1916, 79, p. 904; Trans. Chicago Path. Society, 1917, 10, 
p. 167. 
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B, welchii 2, type 2. — May 2, 1916, "B. welchii B. 521" was received from the American 
Museum of Natural History. Dr. Simonds had recovered it from stools in 1912 and desig- 
nated it No. 16 in his series. 

When received it was free from areobcs and gave a typical stormy fermentation in milk, 
but the blackening of brain medium and the finding of motile rods and clostridial spores 
pointed to contamination with a putrefactive anaerobe. When isolation was first under- 
taken in March, 1918, there were clearly on a plain agar slant under alkaline pyrogallol 2 
types of smalt round colonies, one more transparent in appearance than the other. The 
transparent colony was isolated and later proved to be B. sporogenes (see No. 72). The more 
opaque type was 4 times repeatedly picked from well isolated colonies on the surface of blood- 
agar slants during a period of 10 days. 

Subsequent to identification, an erroneous suspicion of contamination owing to certain 
variations of morphology in a glucose-broth culture led to 4 more successive resiolations 
from deep agar colonies and a repetition of the identification tests. This culture ferments 
glycerol with acid production but not inuline, and is therefore assigned to Simonds' type 2. 
Only a trace of gas appears in either medium. It is moderately pathogenic for guinea-pigs, 
pigeons and rabbits. 

B. welchii 20, type 4. — This type was received from the Cutter Laboratories, Berkeley, 
Calif., about 1915, labeled B. tetani. Kept in a collection of stock cultures, it did not come 
into the writer's hands until Dec. 15, 1916. It was then free from aerobes, but a deep 
brain culture blackened notably, indicating the presence of a proteolytic anaerobe. Morpho- 
logically, there were 2 forms present, large nonmotile gram-positive vegetative rods (B. 
welchii undoubtedly) and slender, motile gram-positive rods with terminal oval spores 
attached. There were also numerous free oval spores. One c c of a 13-day brain culture 
suspension was injected subcutaneously into a rabbit without result. There was thus neither 
morphologic nor toxicologic evidence of B. tetani in the culture. 

Purification consisted in thrice repeated picking of well separated colonies from 
the surface of blood-agar slants under alkaline pyrogallol during the interval from March 24 
to April 2, 1918. These were always hemolytic round smooth -edged dew-drop-like colonies. 
None of the picked cultures blackened brain medium, and the putrefactive contaminant was 
never isolated. 

Testing the purified culture for B. tetani in week old and 11-day old glucose broth cul- 
tures, there was no action of 1 c c injected subcutaneously into guinea-pigs of 450 gm. weight. 

This culture was identified as B. welchii in March, 1920, on morphologic and cultural 
grounds. Without any record of spores in this strain, the vegetative morphology is charac- 
teristic; it is always nonmotile, and it gives a typical "stormy" fermentation in milk. It fer- 
ments neither glycerol nor inulin and therefore belongs to Simonds' type 4. The strain is 
also moderately pathogenic for guinea-pigs, as discussed later. Undoubtedly the initial tests 
for pathogenicity with this culture when we were searching for B. tetani in it, were conducted 
with cultures too old to show any virulence for B. welchii. 

B. welchii 26, type i.— May 15, 1917, Professor J. Traum of Div. of Vet. Sc.. Univ. of 
Calif., sent me a guinea-pig recently dead following symptoms of tetanus after the inocula- 
tion of earth treated with sodium hydroxide in a study of tubercle bacilli in soil. The muscle 
tissues at the site of inoculation had undergone considerable necrosis and digestion. The 
bloody exudate contained many gram-positive rods but no visible spores. 

Primary culture in a glucose-broth constricted tube produced much gas; it was free from 
aerobes. A brain medium culture blackened showing the presence of putrefactive anaerobes. 

Purification did not start until March 9, 1918, when a variety of colonies on a blood-agar 
slant indicated the presence of several forms. A pure culture was probably secured in the 
second picking for none of the brain medium transplants thereafter showed the black pig- 
mentation. There were 4 repeated pickings of well separated colonies during a period of 14 
days. 

The culture was identified as B. welchii, on the basis of morphology, nonmotility, and 
stormy fermentation of milk. 

This culture is atypical in respect to its failure to blacken iron brain, to liberate H 2 S, 
and in its fermentation of salicin. It forms acid, but only a trace of gas from glycerol and 
considerable gas but little or no acid from inulin;; it is assigned to Simonds' Group 1. 

B. welchii 36, type 4. — Oct. 15, 1918, two tins of commercially canned spinach were 
received from Dr. Albert Schneider. Both were greatly swelled; one had been opened (see 
B. centrosporogenes 82); the other was allowed to remain in the room and burst 2 days later 
from the pressure. 

The contents of the latter were softened and full of gas but not foul in odor. 

Microscopically there were gram-negative rods and filaments but no spores. Glucose broth 
culture showed gas and turbidity and gram-positive rods without spores. No aerobes were 
present. Brain medium produced abundant gas but failed to blacken. 

Purification started at once and occupied about 10 days during which time 4 repeated sue 
cessive isolations from well separated blood-agar surface colonies were carried out. From 
the first the colonies were all alike, round, moist, dew-drop-like, and hemolytic. The initial 
culture is considered to have been pure. 

Identification was made on the basis of morphology, nonmotility, and stormy fermentation 
of milk. It ferments neither inulin nor, glycerol and therefore belongs to Simonds' type 4. 
This culture is highly pathogenic and produces certain peculiar lesions in guinea-pigs on 
subcutaneous inoculation. 

B. welchii 129, type 4. — Oct. 22, 1920, the writer received a small portion of the stomach 
contents of Dr. E. S-, dead 3 days previously with symptoms of botulism at St. Anthony's 
Hospital in Oakland from eating canned spinach. The body had been embalmed and the 
stomach contents had stood in glass for 48 hours. 
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The material was liquid and strongly acid. Microscopically the only distinguishable organ- 
isms were large gram-positive rods. A 370 gm. guinea-pig was inoculated subcutaneously 
with 1 cc without harm. 

Deep brain cultures produced abundant gas, did not blacken, and showed gram-positive 
rods and cocci; milk gave a stormy fermentation. Aerobic cocci were eliminated by selec- 
tive heating at 75 C. for 20 minutes. 

Purification occupied 8 days and consisted in 3 repeated successive transfers of the well 
isolated compact disk-like depth colonies in deep meat infusion agar. 

The purified culture was readily identified as B. welchii by its morphology, nonmotility, 
and action in milk. It was nonpathogenic in a dose of 1 c c of a 24-hour glucose broth cul- 
ture inoculated subcutaneously into a 500 gm. guinea pig. 

B. welchii 135, type 4. — This strain was received from Dr. F. W. Wood of the Cutter 
Laboratories of Berkeley, Calif., Dec. 10, 1920, having been recovered from the tissues of a 
cow dead of a disease of unknown etiology that is prevalent in the Sierra Nevada moun- 
tains. This disease is known locally as "red water cattle disease" because of the blood tinged 
urine. 

The culture was apparently pure but had not been identified. It presented at once all the 
typical features of B, welchii, in morphology, nonmotility, and action on milk and brain 
cultures. One c c of a 24-hour glucose-broth culture inoculated subcutaneously into a 320 gm. 
guinea-pig produced in about 7 hours a typical severe gaseous edema associated with marked 
intoxication followed shortly by death. At necropsy the usual slightly sanguinous subcuta- 
neous emphysematous edema was found showing the gram-positive short thick rods character- 
istic of B. welchii. 

The original culture was repurified twice by the blood-agar surface colony method, purifi- 
cation occupying about 10 days. 

Identity was fully established by the usual morphologic and cultural criteria. 

Virulence for guinea-pigs has not been tested since purification. One c c of a 24-hour 
glucose-broth culture injected intravenously into a rabbit was without effect. This animal 
was subsequently immunized and made to produce a specific agglutinating serum, which, how- 
ever, was not effective against any other strain of B. welchii. 

In addition to culture 2, which was contaminated with B. sporogenes when received, 
I have studied 2 other contaminated cultures undoubtedly containing B. welchii, from which 
only B. sporogenes was isolated (see Nos. 42 and 66) also 2 cultures labeled B. welchii that 
apparently consisted only of B. sporogenes (see Nos. 113 and 114). 

Morphology. — Vegetative rods are usually short, thick, and stubby 
and strongly gram-positive. Chains of 2-3 rods, rarely more, may form, 
especially in the tissue of injected animals. Such organisms are fre- 
quently capsulated. There may be considerable variation in the mor- 
phology of a single strain according to the medium on which growth 
is obtained. They are never motile. Spores are not easily demonstrated 
visually with most strains. As Simonds 19 showed, sporulation is 
inhibited in mediums with an excess of fermentable sugar; Noguchi 23 
pointed out that acids, preformed or due to fermentation, prevent 
sporulation. According to Esty 21 and my own experience, spores are 
never formed in living animal tissues but cultural tests indicate that 
they are formed readily in the intestine. Spores were observed in 
Robertson's 6 alkaline egg medium after about 3 weeks' incubation, 
sparsely with strain 2, more abundantly with 36. Blood-agar surface 
culture under alkaline pyrogallol appears to be one of the best means 
for demonstrating spores, but one may establish the identity of B. 
welchii without seeing the spores. 

Colony Form. — Blood-agar surface colonies of B. welchii are strik- 
ingly hemolytic, dewdrop in form, transparent at first but becoming 

23 Trans. N. Y. Path. Soc, 1907, 7. p. 196. 
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opaque in 2-3 days. On soft mediums lobulate colonies may occur or 
they may be typhi form, i. e., flat. 

In deep meat infusion 1% agar compact opaque disks are formed. 

Physiology. — Welch cultures are only mildly proteolytic. Brain 
medium is neither blackened nor liquefied but is slightly softened. In 
the presence of an iron nail, "however, brain medium was distinctly 
blackened by all cultures except 26. 

The blackening of brain medium is correlated perfectly with a 
separate test for the production of H 2 S in lead acetate peptone agar; 
culture 26 alone failed to produce dark colonies in this medium. 

Gelatin was blackened and actively liquefied by all cultures. Indol 
was not produced by cultures 2, 20, 26 or 36 (the only Welch cultures 
tested) in a meat-infusion broth containing 1% Armour's peptone 
according to the Ehrlich test made after 4 days' incubation. That the 
conditions were right for the test with certain organisms was shown 
in positive results obtained with B. tetani 1 and 3 strains of B. bifer- 
mentans. 

All strains fermented glucose, lactose, and saccharose, with acid 
and gas production ; culture 26 alone fermented salicin. 

In the presence of fermentable sugars, at least a trace of which 
seems to be necessary for the growth of this species, 14 B. welchii typi- 
cally forms acid and gas. In some cases only a little acid, in others 
only a little gas is formed. The acid results in the coagulation of casein 
in milk which is then torn to shreds by the gas, providing conditions of 
anaerobiosis are suitable, giving the well-known "stormy fermentation." 
Such coagulated casein is only slightly, if at all, digested by pure 
cultures. The characteristic stormy fermentation of B. welchii is 
greatly aided by the addition of a small amount of sterile blood. 

In Robertson's alkaline egg medium the action of B. welchii is 
somewhat distinctive. While with Vibrion septique, B. botulinus, and 
B. tetani, the medium only becomes slightly opaque, with B. welchii 
it becomes almost milky, owing perhaps to the greater acid production. 

Glucose broth cultures of B. welchii 2 and 20 were always mucoid ; 
cultures of the other strains, never. 

Pathogenicity. — The statement is sometimes made that the bloating 
effect in the tissues of a rabbit inoculated intravenously with B. welchii 
and then killed and incubated, represents the characteristic pathology 
of gaseous gangrene. It would seem rather to represent more nearly 
the result of postmortem changes in an animal that had either a 
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septicemic or agonal invasion by this organism. This curious phe- 
nomenon is by no means peculiar to B. welchii, although undoubtedly 
it is most strikingly displayed by this species according to my experi- 
ments, A similar result may be produced with Vibrion septique (see 
also B. bifermentans 102) so that this reaction should not be accorded 
diagnostic significance. 

The pathogenicity of our different strains of B. welchii varied con- 
siderably just as other investigators have found ; while with virulent 
cultures the pathology is to some degree characteristic, as both English 
and French writers have pointed out, it is scarcely differential. Thus 
No. 36 never produces the characteristic slightly blood tinged emphy- 
sematous edema but always separates the skin from the muscles by 
what seems to be a digestion of the subcutaneous connective tissue 
leaving the skin and muscles of a pale color. 

A single comparative test of cultures 2 and 36 on pigeons showed 
the former to be more virulent than the latter but culture 36 has 
repeatedly proved to be unusually virulent for guinea-pigs. Arranged 
in order of virulence for guinea-pigs, these cultures may be aligned 
as follows: 26, type 1, nonpathogenic; 129, type 4, nonpathogenic; 2, 
type 2, moderately pathogenic; 20, type 4, moderately pathogenic; 
135, type 4, strongly pathogenic; 36, type 4, strongly pathogenic. 

Virulence tests of B. welchii must be made with young cultures; 
pathogenic cultures lose virulence rapidly after the first 24 hours incu- 
bation. When guinea-pigs are given a sublethal dose they frequently 
suffer a profound intoxication during the first 24-48 hours, associated 
with the usual gaseous edema. After the subsidence of the acute 
infection the skin sloughs from the site leaving an open, phlegmonous 
ulcer that soon becomes foul through secondary aerobic infections. 
Such ulcers seem to cause little or no general disturbance in guinea-pigs 
and ultimately heal completely leaving a clean red, later white, scar. 
Of many guinea-pigs so infected only one died during the chronic 
course of the infection and this was due to a hernia caused by a perfora- 
tion of the abdominal wall, i. e., an accident. Frequently the eschar 
may cover the whole of the belly and thorax and yet the animal recover. 

Recovered animals have only a slight but imperfect immunity to 
reinfection either by the same strain or other strains of the same type. 
I have repeated a severe but nonfatal Welch infection in a single 
guinea-pig as many as 3 times. Protection experiments with vaccinated 
guinea-pigs have therefore little or no diagnostic value for B. welchii 
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Robertson M concluded that previous vaccination with killed or attenuated 
cultures of B. perfringens does not cause any appreciable increase Of resistance 
in guinea-pigs against a subsequent lethal dose of living bacilli, "and that 
recovery from a previous infection with the organism does not prevent a 
repetition of the illness upon reinoculation with living bacilli, nor does it 
apparently in any way alter the symptoms or influence the course of the 
disease." 

My experiments (details omitted) support the second statement 
but not the first and last, although.it must be admitted that the 
advantage of a previous infection in our guinea-pigs, while distinct, 
was rather slight. (See table 1.) 



TABLE 1 
Protective Immunization by B. welchii 



Guinea- 
Pig 


Immunized 

Against B. welchii 

Culture No. 


Number 
ot Injec- 
tions 


Total 

Cc 

Injected 


Period 
Covered 
in Days 


Result 


39 
28 
30 
44 

66 


2— Type 2 
20— Type 4 
20— Type 4 
36— Type 4 


4 
4 
3 
2 




7 
7 
6 
0.7 




40 
40 
20 
20 


Completely recovered 
Completely recovered 
Died in 23 hours 

Partially recovered; died in 34 
days from complications 









Possession of a protective immunity was tested one week after the last immunizing dose 
by subcutaneous injection of 1 c c 24 hour glucose broth culture of B. welchii 36. 

The completeness of the immunity set up by a Welch bacillus infec- 
tion depends probably on the size and virulence represented in the test 
dose. A protective immunity induced by one type of B. welchii may be 
equally protective for another; therefore the protective mechanism of 
immunity to Welch bacillus is neither strain specific, as in the agglutina- 
tion reaction, nor even specific as for B. botulinus, but is species specific. 
This conclusion is in accord with that of Bull and Pritchett who found 
quantitative but not qualitative differences in the toxins from 27 strains 
of B. welchii. 

I was unsuccessful in completely immunizing guinea-pigs to B. 
welchii 36, i.' e., so that no lesion would develop on inoculation as 
illustrated by the following record, in which guinea-pig 923 was injected 
with increasing doses of 24-hour glucose broth culture as follows : 



March 25, 1921, 1 c c 1-8 

March 26, 1921, 1 cc 1-5 

March 28, 1921, lcc 1-2 

March 29, 1921, 1 c c 1-1 



March 12, 1921, 1 cc 1-30 

March 15, 1921, 1 cc 1-20 

March 18, 1921, 1 cc 1-15 

March 20, 1921, 1 cc 1-10 

March 23, 1921, 1 c c 1-9 
Up to March 29 there had been no lesions. March 30 there was a typical Welch bacillus 
eschar that healed slowly during the following week. April 10 the scab was removed; the 
wound which was bleeding was treated with iodine. April 12 the animal died of peritonitis 
following abdominal perforation. 



24 Lancet, 1916, 191, p. 516- 
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I was unable to ascribe the striking virulence of glucose-broth cultures of this strain to a 
filtrable toxin. Ground meat cultures are said to be more favorable for the formation of 
Welch toxin. 

Guinea-pig 3, weight 200 gm., was injected subcutanecmsly May 19, 1920, with 1 c c of a 
sterile (tested) Berkefeld nitrate of a 16-hour glucose-broth culture of B. welchii 36. The 
next day there was a barely perceptible local necrosis, but no edema, emphysema, or toxemia. 
June 1 this animal weighed 250 gm. and was perfectly well and healthy. 

Guinea-pig 76, weight 220 gm., was injected at 10 a. m. May 19, 1920. with 1 c c of a 
1-5 dilution of the same 16-hour glucose broth culture 36 previous to nitration used for 
guinea-pig 3. It was dead at 5 p. m. the sam* day with the usual findings at necropsy, 
subcutaneous emphysema, the connective tissue digested away, the skin loosened, pale arid 
not congested or hyperemic. 

The characteristic organisms were seen in impression smears. 

There was nothing unusual in the pathology of animals killed by 
Culture 135. They showed the usual symptoms before death and 
lesions after death. 

Impression smears and cultures from the localized lesions both gave 
positive results. Heart blood cultures in brain medium or glucose 
broth constricted tubes were always negative. 

B. welchii is somewhat less pathogenic in equal doses for rabbits 
than for guinea-pigs as shown in the animals used in the preparation 
of agglutinating serums for none died though several showed severe 
lesions and symptoms. 

Bacillus egens 

B. egens was described by Stoddard 25 in 1919, but none of the 
strains encountered in the writer's experience could be so classified. 

B. egens is placed tentatively in the centrally spored group not 
only because of the apparent morphologic resemblance of the vegetative 
forms to those of B. welchii, and the similarity of the pathology of the 
gaseous gangrene ascribed to it, but particularly because sparse spolia- 
tion is one of the outstanding characteristics of the nonproteolytic 
members (i. e., B. welchii and B. butyricus) of the central spored 
group. Stoddard failed to find any spores. The differences recorded 
in vegetative forms are not significant since the same variation may 
occur in pure cultures of undoubted B. welchii. The record is clear as 
to lack of proteolytic action on coagulated albumins but is deficient in 
not considering gelatin. The failure to ferment lactose and milk is 
important and appears to have been carefully controlled with B. welchii. 

A careful watch should be kept for this species, since, as Stoddard 
mentions, it might readily escape detection as a contaminant in cultures 
of B. welchii. 

BACILLUS CENTROSPOROGENES N.SP. 

Cultures 76, 116 and 145 were first grouped under the heading of 
B. bifermentans because of their proteolytic metabolism, their centrally 

25 Jour. Exper. Med., 1919, 29, p. 187. 
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located spores, and their apparent nonmotility in 24-hour cultures. 
These properties seemed at first to testify to the true identity of 145 as 
represented in its label. Culture 82 was later similarly labeled on the 
basis of its morphology and cultural reactions. 

B. centrosporogenes 76. — This culture was recovered from a sterility test of a certain lot 
of tuberculin about 1914. There was no evidence that the culture was impure. 

Repurification started April 18, 1918, and occupied 18 days, during which time single 
colonies were picked and repicked from the surface of blood-agar slants under alkaline pyro- 
gallol 5 successive times. These colonies were like dew-drops when young, with a tendency 
to opacity when older and especially when only a few were present on the slant. In two 
instances when there were only 2-3 colonies they were 3 mm. across and resembled colonies 
of Bact. coli. 

B. centrosporogenes 82. — This was recovered in Oct., 1918, from a tin of canned spinach 
brought into the laboratory by Dr. Albert Schneider. Several c c of the juice, as well as an 
initial glucose broth culture, v were fed without harm to a guinea-pig, thus disproving B. botu- 
linus. The initial deep brain culture was contaminated with a hay bacillus which was 
excluded by selective bacteriostasis. In contrast with the culture from the other tin (later 
identified as B. welchii 36) the present culture blackened the brain medium. It was repurified 
3 times by the blood-agar surface colony method, requiring about 8 days. 

B. centrosporogenes 116. — This was isolated from a glucose-broth culture of garden soil 
imp'lanted Sept. 9, 1920. Various aerobic bacteria were inhibited in the subculture by the 
selective bacteriostasis of crystal violet so that a culture free from aerobes was first secured 
before starting isolation. Purification consisted in thrice repeated picking of the well sepa- 
rated compact colonies secured in meat infusion 1% agar. 

B. centrosporogenes 145. — This was received March 29, 1921, from the Lister Institute, 
London, to which it had been sent by Miss Muriel Robertson, as B. bifermentans 506, strain 1. 

The morphologic, cultural and nonpathogenic properties of the original culture were care- 
fully determined, and while there was no evidence of anaerobic contamination, the culture 
was repurified 3 times by the deep-agar method, occupying 21 days. The foregoing properties 
were then confirmed, with the exception of nonmotility; the culture is always motile in the 
first few hours of growth but not after 24 hours. It fails therefore to conform to the 
classic description of B. bifermentans. 

The first evidence of error in the grouping of these cultures under 
the specific name B. bifermentans came from the serologic data. Cul- 
tures 76 and 116 had already failed to agglutinate in a dilution of 1 : 20 
with a specific serum prepared against B. bifermentans 50 active in a 
dilution of 1 : 2,000. Also a serum prepared against culture 116 with a 
titer of 1 : 160 for that strain gave negative results on all other cultures 
tested, including 3 serologically identical strains of B. bifermentans and 
cultures 76 and 145. I was tempted to conclude that here was another 
case of sub-species typing or of strain specificity. B. bifermentans 
happens to be the only species of which all my strains respond to an 
agglutinating serum produced for a single strain, but this observation 
is limited to 3 strains. 

The second evidence appeared in distinct differences in the form of 
deep colonies in 1% meat infusion agar when all 6 cultures were 
compared. Those of cultures 76, 116 and 145 were markedly fluffier 
and more diffuse than those of B. bifermentans 50, 70 and 102. The 
form of such colonies is subject to considerable variation in different 
lots of medium even when they are prepared as far as possible alike. 
The consistency of the agar has very much to do with colony form; 
during the isolation of strains 76, 116 and 145, a distinctly more com- 
pact opaque type of colony was observed than appeared in the foregoing 
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test. However, a comparative test of this sort ought to have some 
differential value. 

The climax came when all 6 cultures were examined for motility 
after 8 hours' growth, an examination that was prompted by a single 
old record of active motility for culture 76.- In this test cultures 76, 
116 and 145 were shown to be actively motile at 8 hours, but, along 
with the B. bifermentans strains, nonmotile at 24 hours. Repeated 
tests have confirmed this finding, both for these 3 strains and for 
No. 82. 

I have searched the literature in vain for a suitable specific name 
to fit these organisms. They are closely related physiologically to 
B. sporogenes, from which they differ by their centrally located spores, 
and by their fermentation of glycerol, and to B. bifermentans from 
which they differ in possessing motility. 

Ludernitz 26 described such a species in 1889, under the name B. liquefaciens magnus, 
which, however, being a trinomial, is not in accord with the International Rules for Botanical 
Nomenclature. 27 Klein's description * of "B. enteritidis sporogenes" indicates that the same 
organism was present, probably in impure culture. Metchnikoff's ^ B. sporogenes, type B., 
fits quite well, especially in the formation of crystals resembling tyrosin and leucine from 
certain protein mediums as pointed out by Berthelot ^ and as observed by ourselves in the 3 
cultures herewith described. Choukevitch 31 isolated the same forms from the large intes- 
tine of horses on 2 occasions. The "central spore bacillus" type 12 of Macintosh 32 and of 
Adamson ^ may be identical also. 

There is no doubt in the writer's mind that this form should be 
clearly differentiated from B. sporogenes as a separate species in spite 
of the willingness of the Medical Research Committee * to group the 
less frequent central spored motile putrefactive anaerobes with B. 
sporogenes under a single specific name. The specific name "Bacillus 
centrosporogenes" is herewith proposed for this species. 

Morphology. — B. centrosporogenes is a large gram-positive rod 
occurring singly, in twos, in short chains or even in long filaments. 
Spores are formed early in nearly all mediums, particularly in those 
devoid of sugar. They are central in position and do not swell the 
rod. Oval free spores are present in great abundance in old cultures. 
The vegetative rods are highly motile in very young cultures, nonmotile 
in old cultures. 

Colony Form. — Surface colonies on blood agar are at first minute 
hemolytic transparent dew drops that rapidly become more opaque 

» Ztschr. f. Hyg. u. Infektionskr., 1889, 5 p. 141. 

« Jour. Bacterid., 1917, 2, p. 505. 

28 Centralbl. f. Bakteriol., 1895, 18, p. 737. 

» Ann. de 1'Inst. Past, 1908, 22, p. 929. 

» Ibid., 1909, 23, p. 85. 

31 Ibid., 1911, 25, p. 247. 

32 Med. Research Com., Special Report Series 12, 1917. 
M Jour. Path. & Bacteriol., 1919, 22, p. 345. 
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and yellowish in color, spreading where well separated to a diameter 
of 1-2 mm. and then appearing almost coliform. 

Deep agar colonies vary with water content and consistency of the 
colloid. In 1 % agar they are large globular fluffs with a central nucleus 
when young and with several when older. They resemble the colonies 
of B. sporogenes. 

Physiology. — B. centrosporogenes is actively proteolytic. Coagu- 
lated egg albumin, brain and meat mediums with less than an excess of 
fermentable sugar are digested and blackened. Gelatin is liquefied and 
blackened. The action on milk consists in slow coagulation followed 
by liquefaction and slight gas production. Glucose broth cultures of 
Nos. 76 and 116 were mucoid, as are some Welch cultures; Nos. 82 
and 145 were not mucoid. 

Old deep brain cultures show round balls of white crystals that are 
thought to be leucine or tyrosine or possibly a mixture of both. This 
feature was pointed out by Bertholet 30 in connection with B. sporo- 
genes "B" of Metchnikoff. 

Glucose was fermented by all strains; lactose, saccharose, salicin, 
glycerol, inulin, and sugar-free mediums were not fermented. 

Pathogenicity.— Pure cultures are nonpathogenic for guinea-pigs 
and rabbits. B. centrosporogenes may possibly have a symbiotic effect 
similar to that of B. sporogenes in wound infections as described by 
Weinberg and Sequin. 2 

BACILLUS BUTYRICUS 

It is a curious anomaly that the species selected as the type of the 
genus Clostridium in the recent report of the Committee of the Society 
of American Bacteriologists on Characterization and Classification of 
Bacterial types 34 should be one of the less common micro-organisms, 
as well as one whose status until recently had been quite problematic. 

Pasteur, 35 the discoverer of anaerobic bacteria in 1861, described a "motile 
Vibrion butyrique." This organism was probably the prototype of Prazmowski's 
"Clostridium butyricum," of Gruber's "Bacillus amylobacter," and of Grass- 
berger and Schattenfroh's M motile "Buttersaure bacillus." According to Adam- 
son ** and the Medical Research Committee, 1 B. butyricus is a central spored, 
motile, nonputrefactive, lactolytic anaerobe that does not liquefy gelatin. 

The two following strains meet the requirements of this species 
except that the second sometimes liquefies gelatin. The identity of 
culture 125 can be considered tentative only. 

34 Jour, of Bacteriol., 1920, 5, p. 191. 

86 Compt. rend. Acad, des Sc, 1861, 52, pp. 344 and 1260. 

86 Arch. f. Hyg., 1902, 42, p. 219; 1907, 60, p. 40. 
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B. butyricus 24. — This was recovered April 19, 1917, from water not containing B. coli 
but giving a spurious presumptive test with lactose broth. The initial brain subculture con- 
tained no aerobes, but the blackening and digestion of this medium as well as the liquefac- 
tion of the casein that occurred in the later stages of a stormy fermentation of milk pointed 
clearly to putrefactive anaerobes. These must have been lost during a period of about 8 
months, during which the brain culture was stored, for subsequent cultures failed to show 
any putrefactive tendency. Purification started first in April, 1918, and consisted in 3 
repeated isolations of colonies from blood-agar slants under alkaline pyrogallol, and the cul- 
ture was identified on the basis of its morphologic and cultural characters. 

B. butyricus 125. — Oct. 11, 1920, a sterility test in a constricted tube of glucose broth 
inoculated with the Berkefeld (defective) filtrate of a soil culture in glucose broth developed 
an anaerobic growth with no evidence of impurity. It was, however, at once repurified 3 
times during a period of 14 days by the deep agar method, and the morphologic and cultural 
properties of the original werj reaffirmed in the purified strain. 

Morphology. — B. butyricus is a slender gram-positive rod forming 
centrally located spores sparsely. Cultures older than 3 clays are fre- 
quently gram-negative, but motility persists for at least this time in 
some mediums. Both the thickness of the rods and its active motility 
differentiate B. butyricus from B. welchii. As in B. welchii, spores are 
difficult to demonstrate. 

Colony Form. — Blood-agar surface colonies were minute irregular 
moist appearing drops with a mild hemolytic activity in culture 125, 
nonhemolytic in culture 24. 

Deep colonies in 1% agar were globular and fluffy and very diffuse. 
At times it was almost impossible to detect the growth in deep tubes 
except by the abundant gas production. The' Medical Research Com- 
mittee describes isolated colonies as "small irregular lenticular masses." 
No doubt the consistency of the agar greatly affects the form of the 
colonies. 

Physiology. — The physiology is remarkably like that of B. welchii, 
but its proteolytic activities are less. Coagulated albumins are neither 
liquefied nor blackened; even free iron, which causes most strains of 
B. welchii to blacken brain mediums, has no such effect with B. 
butyricus. 

The published records regard this species as nongelatinolytic. All 
of the tests with No. 24 and most of those with No. 125 have proved so. 
From my experience in the use of gelatin mediums for anaerobes, the 
failure to liquefy gelatin might be ascribed to poor growth, but this 
difficulty was not encountered, with these cultures. Growth in gelatin 
mediums, with and without added glucose, always occurred at 37 C. 
within 24 hours, as shown by turbidity, abundant gas production and 
the discoloration. Owing to long periods of incubation, paraffine was 
used as a seal in some of the tests to minimize evaporation. In one 
such test the medium still hardened on ice after 30 days at 37 C. But 
in 2 other tests (culture 125), carefully controlled for aerobic and 
anaerobic contamination, one with added glucose, one without, the 
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gelatin hardened daily up to 7 days, but on the ninth day refused to 
harden ; on another occasion, liquefaction occurred after 4 days. 

A possible interpretation is that liquefaction is due to changes in 
H+ ion concentration rather than to the production of gelantinolytic 
enzymes. 

Glucose, lactose, saccharose and salicin were fermented by both 
these strains; glycerol and inulin were not fermented. Milk cultures 
gave rise to considerable gas with a tardy coagulation without sub- 
sequent digestion of clot. 

Pathogenicity. — Neither culture was pathogenic for small guinea- 
pigs in 1 c c doses of 24-hour glucose-broth culture inoculated sub- 
cutaneously. 

Anaerobks with Subterminal Spores 

This group comprises B. aerofetidus, B. botulinus, B. histolyticus, 
B. sporogenes, B. chauvcei, Vibrion septique, B. novyi, B. multifermen- 
tanstenalbus, and B. fallax. 

B. AEROFETIDUS 

B. aerofetidus was named by Weinberg and Sequin 2 in 1916. Five 
strains were recovered by Henry, 87 and it was described also by the 
Medical Research Committee. 1 Spores were not discoverable by the 
French observers, but Bullock 1 states that "they are subterminal." 
B. aerofetidus would seem from the description to be the only putre- 
factive anaerobe that ferments lactose. This should differentiate it 
from other species irrespective of its paucity of sporulation. I have 
had no opportunity to examine a strain of this species. The only 
highly putrefactive species in which I have encountered strains that 
sporulate poorly is B. botulinus and that does not ferment lactose. 

BACILLUS BOTULINUS 

The central interest in anaerobic bacteriology was suddenly shifted 
by the cessation of major hostilities in the world war and the growing 
frequency of food poisoning in the United States, from war wounds to 
botulism. 

With the interesting phases of the problem touching questions of 
distribution of this species in nature, conditions under which it grows 
and produces its deadly toxin, its epidemiology, the action of its poison 
and its sanitary control, this paper has nothing to do except in so far as 
some of these may relate to the recognition of the types comprising 
this species as biologic entities. 

'■ Jnur. of Path. & Bacteriol., 1916, 21. p. 344. 
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The historical background is in Dickson's excellent monograph. 38 
Especial emphasis is laid here on the undoubted fact that many of the 
cultures circulating in this country, at least until recently, have been 
contaminated or indeed replaced by other anaerobes, notably by B. 
sporogenes, and evidence is lacking in some papers to show that the 
strains studied were either purified or properly identified. Reddish 
and Rettger 39 found that 18 out of 19 strains contained nontoxic forms 
resembling B. sporogenes. 

I have studied 5 strains as follows : 

B. botulinus No. 8, Type A. — This was received Nov. 1, 1916, from Dr. E. C. Dickson 
of Leland Stanford Junior University School of Medicine, as B. botulinus "Zinsser." It is 
supposed to have come many years ago from the Krai collection. The culture 
was free from aerobes and blackened brain medium. Purification began Sept. 20, 
1917. There were 2 types of colony on the initial blood-agar slant, and while both were 
isolated 3 times repeatedly, one of the purified cultures was lost previous to identification. It 
is uncertain, therefore, whether this culture was actually impure at the start. Nineteen 
days were occupied in purification. The colonies on blood agar were minute hemolytic, usually 
rhizoid, but occasionally in certain lots of medium, round in form. 

Identity was established by the toxicity of cultures fed to rabbits and guinea-pigs. 

B. botulinus 78, Type B.— April 19, 1918, Prof. W. V. Cruess of the Dep. of Agric, 
Univ. of Calif., brought me a tin can of beans that he had inoculated from a can of spoiled 
beans found on the shelf of Mrs. M. after an outbreak of limber neck in her chickens fed 
the contents of another can from the same lot. Dickson *° has described this outbreak in 
detail. 

There was no swelling of the can due to gas pressure, nor was there any olfactory or 
visual evidence of spoilage. A Gram stain of the clear fluid failed repeatedly to show any 
recognizable bacteria. But 1 c c of the fluid injected subcutaneously into a 570 gm. guinea- 
pig killed the animal within 13 hours, and 4 cc diluted in 10 c c of water and drunk by 
another pig weighing 500 gm. killed in less than 20 hours, with characteristic pulmonary 
hyperemia at necropsy and sterile heart blood culture in both cases. 

Culture was secured in glucose broth at 37 C. under marble seal in a constricted tube. 
No aerobes were present. Brain cultures were blackened and digested. Clostridial spores 
were observed, which, considering that the purified culture has never formed spores that 
could be recognized visually, suggests but does not prove that the original was impure. 

A pure culture was s-cured during the interval May 1 to July 3, 1918, by the surface 
colony method. In the first blood-agar surface culture there appeared dew-drop-like colonies 
that superficially appeared well separated, but careful examination showed an extremely 
thin confluent growth between them that consisted of gram-positive rods. A culture of 
putrefactive anaerobes giving this type of growth regularly was isolated but lost before it 
could be identified. The dew-drop-like colonies were isolated 4 times repeatedly, and while 
they did not maintain their dew drop form, being flat and leaf -like in some < tubes and ameboid 
in others, the confluent growth was not encountered after the initial isolation culture. There 
was some difficulty, however, in securing well separated colonies, which accounts for the long 
time required. 

The evidence as to the purity or impurity of the original culture must be admitted as 
inadequate. It is clear that the form of colonies on blood agar varies considerably. 

Identity was established by the toxicity of cultures fed to guinea-pigs. 

B. botulinus 80, Type B. — This was received, marked "B2H," from Dr. Robert Graham 
of the University of Illinois, June 20, 1918. The accompanying letter stated that several 
people died from eating beans, and that they were canned by the cold pack method. No 
aerobes were present. 

Isolation required 15 days for 4 repeated pickings. The colonies were always well sepa- 
rated, flat, minute, round plaques, and the original gave no evidence of impurity. Identity 
was established by feeding. 

In April, 1920, this culture was again repurified 3 times by the deep agar method due to 
an unjustified suspicion based on its abundant formation of spores (see morphology). An 
unsuccessful attempt was made to utilize Burke's 41 criterion of colony form. All of the 
deep agar colonies of this culture were alike in similar mediums; none showed a mosaic 
structure. Nine cultures in brain medium picked from separate colonies showed abundant 
subterminal spores, and guinea-pigs fed with cultures from 5 separate colonies all died of 
botulism. 

38 Monograph 8, Rockefeller Institute for Medical Research, 1918. 

39 Abstracts of Bacteriol., 1921, 5, p. 14; Jour. Infect. Dts., 1921, 29, p. 120. 

40 Arch, of Int. Med., 1918. 22, p. 483. 

41 Jour, of Bacteriol., 1919, 4, p. 555. 
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B. botulinus 119, Type B. — This was labeled "B. botulinus, Type B, Stanford." Its exact 
origin could not be ascertained. It came into my hands Sept. 21, 1920, free from aerobes 
and showing the typical morphologic, cultural and pathogenic properties of the species. 

Repurification by the deep agar method occupied 11 days. The well separated colonies 
in 2% agar were opaque disks without mosaic structure. There was no evidence of initial 
impurity. One c c of a 24-hour glucose broth culture (37 C.) killed a 350 gm. guinea-pig 
by feeding in less than 24 hours with characteristic symptoms of botulism. 

B. botulinus 120, Type A. — This was a mate to B. botulinus 119 B and had a similar 
history, the brain culture placed in my hands Sept. 23, 1920, being marked "B. botulinus, 
Type A Stanford." 

Brain medium subcultures were contaminated with a gram-positive aerobic coccus that 
was easily eliminated by selective heating. The initial culture was fatal for a guinea-pig fed 
with lcc. 

Deep agar isolation occupied 15 days and comprised thrice picking of the well separated 
opaque colonies. The purified culture is characteristic in morphology, physiology and 
toxigenicity. 

In addition, 6 cultures were received from other laboratories under 
the label of "B. botulinus," in which no trace of the indicated species 
could be detected. It is only fair to say that toxicity tests were not 
made in the case of the second culture listed until after it had been 
in the laboratory for some time and had been purified; if this culture 
contained B. botulinus, it was at least contaminated. In the case of 
the others, B. botulinus was ruled out before isolation was begun. 
All were apparently pure (see B. sporogenes 44, 46, 48, 92, 115 
and 118). 

Morphology. — B. botulinus is a large pleomorphic gram-positive, 
sluggishly motile rod occurring singly, in pairs and in chains. The 
spores are clostridial, subterminal and oval in shape. They are formed 
by some cultures abundantly; by others sparsely, if at all. The most 
persistent search for spores in brain medium, alkaline egg broth, and 
blood-agar slants failed to demonstrate them visually in strain 78 B, 
and only somewhat doubtfully in No. 8 A. Whether some strains pro- 
duce spores that do not distend the rods should be investigated. The 
contrast in sporulating activity between these cultures and No. 80 B was 
so striking that the latter was strongly suspected of a contamination, 
but this could not be proved; every colony picked from dilutions of 
B. botulinus 80 B gave rise to actively sporulating cultures that were 
as highly toxic as those of the apparently nonsporulating Nos. 8 A 
and 78 B. 

Culture 119B also forms subterminal spores readily in brain 
medium ; 120A, on the contrary, has so far failed to reveal any spores. 

Heat Resistance of Spores.— Experiments with Professor Chas. A. 
Hunter of Pennsylvania State College at the University of Chicago, 
in 1920, showed that the failure to demonstrate spores visually in 
certain cultures was correlated with a lesser heat resistance ; however, 
it would be impossible to say that these strains are strictly asporogenous. 
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Forty-eight-hour brain medium cultures were diluted 1 : 10 in sterile distilled 
water and heated for the times indicated in the following: Subcultures were 
made in glucose broth under paraffine and in deep agar. These were incubated 
at 37 C. The data are tabulated in table 2. 



TABLE 2 
Heat Resistance of Three Strains of B. botulinus Including Two Supposedly 

ASPOROGENOUS STRAINS 





Temper- 
ature 


Time in Minutes 


Strain 


Unheated 

Controls 




5 


10 


20 


35 


45 


60 


120 


8A 


80 C 


+1 












+2 


+2* 


100 C 


+3* 

+1* 


—90 


—90 




—90 








78 B, 


80 C 


+2* ~ 












—90 j —90 


100 c 


+3 
+2* 


+3 


^90 


+4* 
—90 


—90 




i 


SOB 


80 C 


+1 












+2 ; +2* 


100 O 


+2 
+3 


+3 


+2 


' +2 
+4 


+5 


—2 

+ 4 

-8 

+10 


-2 
+4* 
—8 
+10* 





+3 indicates that the cultures were positive on the 3d day. 

—90 means that the cultures were still sterile alter 90 days at 37 C. 

* = lct fed to a guinea-pig killed with symptoms and lesions of botulism. 

In 2 separate tests, B. botulinus 8A failed to resist boiling for 5 and 10 
minutes, respectively, and for all greater periods. The subcultures were still 
sterile after 90 days. Control cultures from the suspensions previous to heat- 
ing were heavily grown in 24 hours. B. botulinus 8A was a resistant to 80 C. 
for 2 hours ; the subcultures were positive in 48 hours as against 24 hours 
in the unheated controls. 

In one test, B. botulinus 78B failed to resist boiling for 10 minutes. In 
another the suspension was still alive after 20 minutes' boiling but not after 
35 minutes. Both agar- and glucose-broth cultures from the 20 minute suspen- 
sion appeared on the third day as against the second day for the unheated 
controls. A few spores must have been present. One c c of the glucose-broth 
culture fed to a large guinea-pig (845 gm.) killed in about 15 hours with 
characteristic symptoms and necropsy findings, proving the surviving spores 
those of B. botulinus. This culture failed to resist 80 C. for 1 hour. 

B. botulinus 80B resisted boiling in the first test for 1 hour. The. subcultures 
were still negative after 8 days' incubation but positive on the tenth day. One 
c c of the glucose broth culture fed to a 290 gm. guinea-pig killed in less than 
15 hours, proving the surviving spores those of B. botulinus. The 45 minute 
cultures were also delayed in growth to the tenth day ; the 15, 20 and 35 
minute cultures appeared on the third day as contrasted with the second day 
for the 5 minute cultures and the unheated controls. This experiment was 
repeated with identical results except that the delay in growth of the cultures 
from the suspension boiled for 1 hour was not so marked ; growth appeared 
on the fourth day as against the second day in the controls. 
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It is apparent that considerable differences in spore formation and 
heat tolerance exist in different strains of B. botulinus. The limit 
for culture 80B was not reached in these experiments. Emphasis should 
be placed on the necessity of careful toxin tests in order to exclude 
results attributable to highly resistant contaminants like B. sporogenes. 
The work of Weiss 42 on the heat resistance of B. botulinus would 
have been greatly enhanced by such tests. 

Colony Form. — Blood-agar surface colonies are minute round or 
irregular semi-transparent hemolytic drops. 

The form of deep agar colonies varies with the consistency of 
the agar. The diagnostic value of colony form as emphasized by 
Burke 41 is questionable, indeed the majority of colonies produced by 
pure cultures failed to show the reticulate structure when a special 
search was made for them in 1, 2 and 3% agar. In 1% agar the 
proportion of disk shaped colonies was low (43%) and none was 
reticulate ; in 2% agar, all the colonies were disk shaped with a nucleus 
as described by Burke, but only part of them showed the described 
microscopic structure. It was difficult to secure growth in 3% agar. 

Physiology. — While Van Ermengem 43 considered growth to occur 
only at room temperature, and spoke of B. botulinus as a pathogenic 
saprophyte, it is now clear that both growth and toxin production 
occur at 37 C. Orr u found that 22 C. was less favorable for growth 
and sporulation of 16 strains than 37 C. My own repeated observations 
show that growth is more rapid at 37 C, and that there is no known 
reason why every routine test for B. botulinus should not be carried 
out at 37 C. Growth is readily obtained with all the usual mediums 
for anaerobes. 

B. botulinus is predominantly proteolytic. The grouping of this 
species among organisms with "saccharolytic properties predominating" 
by the Medical Research Committee x certainly is an error. Brain, 
ground beef mediums, coagulated serum, egg albumin and gelatin are 
darkened and digested. Milk is slowly coagulated, then digested with 
gas production. 

Sulphuretted hydrogen is produced in the absence of fermentable 
sugars. No indol production could be proved in controlled tests. All 
the strains fermented glucose, glycerol and salicin; lactose, saccharose, 
inulin and sugar-free broth were not fermented. 

42 Jour. Infect. Dis., 1921, 28, p. 70. 

« s Ztschr. f. Hyg. u. Infektionskr.. 1897, 26, p. 1. 

44 Proc. Soc. Exper. Biol, and Med.. 1919. 17, p. 47. 
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Pathogenicity. — The animal test constitutes so far the only single 
certain method of recognition of B. botulinus, in view of the morph- 
ology and cultural similarity of B. sporogenes and B. histolyticus. The 
pathogenicity of B. botulinus is due mainly to its powerful toxin which 
is produced normally outside the body. The growth of pure cultures 
appears always to be accompanied by the formation of toxin irrespective 
of the presence or absence of fermentable sugar, but certain aerobes 
in mixed culture with B. botulinus inhibit toxin production. 

No other bacterial toxin is fatal orally, and no other anaerobe is 
known that is pathogenic when fed. One may test unknown anaerobes 
for pathogenicity first by subcutaneous injection of 1 cc of glucose 
broth culture; in the event of a fatal issue graded doses of culture 
or filtrate are fed on chopped carrots or better still by pipet. I have 
no evidence of "nontoxic" strains of B. botulinus. Finally, the protec- 
tion of control animals by botulinus antitoxin completes the circle of 
required data for absolute identification. 

The symptoms of botulism are highly characteristic, consisting 
mainly in loss of muscular power. Salivation is frequent but not 
constant. 

At necropsy there may be slight subcutaneous congestion at the site 
of inoculation; pulmonary congestion is almost invariable in both 
injected and fed animals, but no other visceral lesions. 

With the interesting mooted questions of whether B. botulinus has 
invasive properties, and whether toxin may be formed in the body, 
that have arisen recently through the discovery that the organism will 
grow at 37 C, this discussion has little to do, although this problem was 
encountered in producing agglutinating serums. That Van Ermengen 43 
should have recovered the causative agent from the spleen of a victim 
seemed to imply some invasive power. Orr 44 recovered cultures "quite 
frequently from the liver and also occasionally from the heart's blood, 
the kidneys and the pancreas," and found "toxin-free spores" still 
pathogenic. 

The minimum fatal dose of culture or toxin has not been determined 
systematically for any of the foregoing 5 strains ; 1 c c of a 1 : 100 
dilution of glucose broth culture has never failed to kill guinea-pigs, 
either by feeding or by subcutaneous injection; 1 cc of a 1:10,000 
dilution of culture 8A has frequently proved fatal on injection. 

Heart blood cultures were taken from every animal dying of 
botulism without, as yet, obtaining a positive result. Spleen, liver and 
lung cultures were frequently made also with negative results except 



Sporulating Anaerobes 



475 



that lung cultures often developed aerobes that might be interpreted 
as secondary invaders drawn into the lungs owing to loss of control 
of the glottis through the action of the botulism toxin. In several 
cases in which sublethal doses were given, sufficient to cause severe 
symptoms but from which the animals appeared to be recovering slowly, 
a fatal aspiration pneumonia intervened. Lung sections in such cases 
showed marked congestion and beginning consolidation. 

Typing Bacillus Botulinus. — (a) Protection with Monovalent Anti- 
toxin: That there are two distinct antigenic types of botulinus toxin 
produced by separate races of B. botulinus, was shown first by Leuchs 45 
and confirmed by Burke, 41 Dickson, Burke and Ward, 46 Dickson and 
Howitt, 47 Hart and Hayes 48 and others. 

My 5 strains were typed by means of antitoxic serums kindly provided by 
Dr. George Hart of the Dept. of Vet. Sc, Univ. of Calif. "The cultures 
employed in the production of the type serums had come from Dr. E. C. 
Dickson of Leland Stanford Junior University. The serums were preserved 
with 0.5% phenol and were sterile when received. They had not been 
standardized. 

Three animals were required for each culture, one for each of the 2 serums 
and one (the heaviest) for a control without serum. A S-day glucose-broth 
(37 C.) culture of each organism to be tested was diluted in sterile salt solution 
1 : 100, and 1 c c of each dilution was mixed with 1 c c of the indicated serum, 
or, in the case of the controls, of salt solution. The mixtures stood 1 hour 
at room temperature and were then injected subcutaneously. The results are 
shown in table 3. 

TABLE 3 
Typing B. botulinus Cultures by the Injection Method 



Culture Injected 
1 ec 1:100 


Antitoxin lcc 


Type A 


Type B 


None 


8 


Guinea-pig 10 
Weight, 205 gm. 
Lived 


Guinea-pig 41 
Weight, 205 gm. 
Dead 18 hours 


Guinea-pig 66 
Weight. 310 gm. 
Dead 26 hours 


78 


Guinea-pig 6 
Weight, 206 gm. 
Dead 40 hours 


Guinea-pig 58 
Weight, 205 gm. 
Lived 


Guinea-pig 84 
Weight, 315 gm. 
Dead 21 hours 


80 


Guinea-pig 45 
Weight, 250 gm. 
Dead 18 hours 


Guinea-pig 56 
Weight, 210 gm. 
Lived 


Guinea-pig 69 

Weight, 390 gm. 
Dead 21 hours 



The test was started June 1, 1920. The animals that died presented the 
usual symptoms previous to death and necropsy findings afterward. The 
animals that lived all gained weight and were apparently still well when last 
observed June 14. The living animals indicate the toxic type. 

« Ztschr. f. Hyg. u. Infektionskr., 1910, 65, p. 55. 

" Arch. Int. Med., 1919, 24, p. 581. 

« Jour. Am. Med. Assn., 1920, 74, p. 718. 

« Am. Vet. Med. Assn.. 1920, 10, p. 638. 
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Cultures 119 and 120 were typed Nov. 3, 1920, by feeding guinea-pigs lcc 
of 1 : 10 dilution of sterile Berkefeld filtrates on chopped carrots shortly after 
the subcutaneous injection of the serums. Since the test was to be a con- 
firmation of the labels borne by the cultures, it was possible to pick the lightest 
animal in each series for protection. The animals were starved for 24 hours 
and fed separately under observation. The results are shown in table 4. 

TABLE 4 
Typing B. botulinus Cultures bv the Feeding Method 



Toxic Filtrate Fed 
Ice 1:10 


Antitoxin lcc 


Type A | Type B 


None 


119 


Guinea-pig 138 
Weight, 550 gm. 
Dead 42 hours 


Guinea-pig 139 
Weight, 490 gm. 
Lived 


Guinea-pig 172 
Weight, 600 gm. 
Dead 42 hours 


120 


Guinea-pig 145 

Weight, 370 gm. 
Lived 


Guinea-pig 142 
Weight, 430 gm. 

Dead 18 hours 


Guinea-pig 180 

Weight, 540 gm. 
Dead 26 hours 



The symptoms and lesions of the animals that died were typical. The 
living animals were last observed 3 weeks after the beginning of the test. 
Both had gained weight. 

(b) Typing B. botulinus by Means of Chickens: Graham and Schwartz" 
showed that the 2 types of B. botulinus may be distinguished in their toxicity 
for chickens. This was confirmed for my strains June 9, 1921. Each of 5 
chicks, weighing 200 gm. apiece, was fed by pipet 1 c c of a 24-hour glucose- 
broth culture diluted 1 : 1,000 as indicated in table 5. 

TABLE 5 
Typing B. botulinus Cultures by Feeding Chickens 



Chicken 


Culture 
and Type 


Result 


1 

2 
3 

4 

5 


8A 

78 B 
80B 

119 B 

120 A 


Survived lcc 1:100 48-hour glucose-broth culture; died after swallow- 
ing lcc 1:10 48-hour glucose-broth culture 

Survived 5 c c 6-day glucose-broth culture 

Survived 5 cc 6-day glucose-broth culture 

Survived with slight symptoms lcc undiluted 48-hour glucose-broth 
culture; died alter swallowing 5 c c undiluted 6-day glucose-broth 
culture 

Survived lcc 1:100 48-hour glucose-broth culture; died alter swallow- 
ing lcc 1:10 48-hour glucose-broth culture 



Those receiving the A type strains were separated from those receiving B. 
type strains in view of a possible cross contamination of the feed by the 
droppings. There was no result in 6 days, so on June 15 each was fed 1 c c of 
1: 100 dilution of 48-hour glucose-broth culture (37 G). Again there was no 
result. June 20, at 10 a. m, lcc 48-hour glucose-broth culture (37 C.) diluted 
to 1 : 10 was fed to each chick. 

At 4 p. m. chick S was weak. While able to stand, it was unable to eat, 
owing to imperfect coordination of the neck muscles. At 6 p. m. it was prostrate. 

All the other chicks at this time were apparently well. At 8 a. m., June 21, 
chick 5 was dead and chick 1 was prostrate; though still able to sit on the 



«• Jour. Infect. Dis., 1921, 28, p. 317; Jour. Am. Med. Assn., 1921, 76, p. 1743. 
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perch, its head drooped with the typical symptoms of limberneck. It died 
about 3 p. m. 

The dead chicks showed no macroscopic lesions in the brains, lungs, or 
abdominal viscera. 

The living chicks remained well. June 24, each was fed lcc undiluted 
48-hour glucose-broth culture of the same strain as before. Chicks 2 and 3 
remained well as before; chick 4 showed mild symptoms of botulism on the 
second and third day, such as reclining while feeding and supporting itself 
by the wings when forced to stand. On the fourth day chick 4 was distinctly 
improved. 

The 3 were therefore fed, June 28 by pipet, 5 cc of a 6-day glucose-broth 
culture of the same strain previously administered. On the following day 
chick 4 was prostrate. It died 46 hours after the last dose. There were no 
macroscopic lesions in the central nervous system or in the viscera. The two 
remaining chicks survived and were apparently well and healthy on July 7. 

Thus chickens may be utilized as an objective means of distinguish- 
ing the 2 antigenic types of B. botulinus. The result with strain 119B 
shows, however, that sufficiently large doses of certain "B" type cultures 
may be toxic for chickens. 

BACILLUS SPOROGENES 

No attempt is made here to trace the early history of B. sporogenes. 
Weinberg and Sequin 2 and others have indicated the frequent occur- 
rence of this organism among anaerobic cultures studied by the early 
bacteriologists. The term B. enteritidis-sporogenes was applied by 
Klein 28 to what seems now to have been a mixed culture, but Metchni- 
koff's 29 B. sporogenes, type A, is the pure culture prototype. 

I have found every culture of "malignant edema bacillus" to be B. 
sporogenes, but indeed the same has been true of cultures labeled B. 
welchii, B. botulinus, B. tetani, B. chauvoei, B. novyi and B. feseri. 
Slightly more than a third (24 out of 73) of my purified strains belong 
to this species. B. sporogenes is not only one of the commonest 
anaerobes in nature, but it is also the most frequent contaminator 
of stock laboratory cultures, owing perhaps to its great resistance to heat. 

Of the 24 strains, 21 were received as stock cultures from other 
laboratories ; 2 were isolated by the writer from necropsies on a sheep 
and rabbit, respectively, and 1 from a sample of spoiled home canned 
corn. Of the 21 stock cultures, 16 were misnamed, assuming in 3 
instances that the now obsolete "bacillus of malignant edema" is a 
misnomer for B. sporogenes. Of these 16 misnamed cultures, 14 were 
apparently pure B. sporogenes when received ; 1 was questionable but 
not proved and 1 was certainly impure. Of the five correctly named 
cultures, 3 were of B. welchii contaminated by B. sporogenes; 1 was 
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pure B. sporogenes and 1 was pure B. tetani which was supplanted in 
my own laboratory by an accidental contamination by B. sporogenes. 

1 had 1 instance, too, of an incorrectly named culture not containing 
B. sporogenes when received that became supplanted in my own 
laboratory by B. sporogenes. 

Through the courtesy of Prof. C. E. A. Winslow, I was enabled, 
during 1920, to study all the cultures of anaerobes then kept in the 
American Museum of Natural History. Counting those received 
directly and indirectly from the Museum, 15 in all, every such culture, 
with but a single exception, contained B. sporogenes, and in 11 out of 
the 14, only B. sporogenes; in only two instances was the designated 
species, B. welchii, recovered, while in the remaining instance the 
designated organism was neither proved nor disproved. The single 
culture from the Museum that failed to yield B. sporogenes did yield 

2 organisms, one of which closely resembles B. sporogenes but differs 
in its active production of tyrosine. B. tetani as designated on the 
label was not present. Cultures of known identity have since been 
placed by the writer in the Museum but one not skilled in anaerobic 
bacteriology could scarcely be expected to keep them pure and true 
to name. Nineteen of the 24 B. sporogenes strains proved serologically 
identical, so that in this species the agglutination reaction has a limited 
taxonomic value; 5 strains proved heterologous, however, in their 
agglutination reactions. 

B. sporogenes 10. — This was obtained from Dr. Fred Wood of the Cutter Laboratories 
of Berkeley, March 2, 1916, he in turn having received it from Dr. K. F. Meyer, who 
published a description of it under the label "malignant edema bacillus Koch" in 1915. 6 

There was no evidence of impurity in this culture, but it was 4 times repeatedly repuri- 
fied by the blood-agar surface colony method. The purified culture was identical with the 
original and was renamed B. sporogenes on the basis of Weinberg and Sequin's 2 description. 
An agglutinating serum was produced with this strain that served to identify 18 other strains 
of B. sporogenes. 

B. sporogenes 42. — This was received May 2, 1916, from the American Museum of Nat- 
ural History as B. welchii 500. The Museum had obtained it about 1912 from Johns Hop- 
kins University where it was recovered from the soil. 

As received, the Welch bacillus was probably present; a stormy fermentation in milk 
was observed. But brain medium blackened, and the organisms were actively motile. Free 
from aerobes at first this culture was subsequently contaminated with hay bacillus which 
was eliminated by selective bacteriostasis. 50 

Purification started March 7, 1918. There were 2 types of colony, one tiny and trans- 
parent, the other larger, more spreading and with a dark center, but these were not constant 
in subcultures, and the separate strains obtained after 4 times repeated isolation proved 
identical as B. sporogenes by the agglutination test. B. welchii was not recovered. 

B. sporogenes 44. — This was received Nov. 9, 1915, from the American Museum of Nat- 
ural History as B. botulinus 595. The morphologic and cultural properties were those common 
to both B. sporogenes and B. botulinus. One c c of a brain culture incubated at 37 C. for 48 
hours and then at room temperature for 3 days was fed in milk to a cat, without result, 
Feb. 14, 1916. The same amount was then injected subcutaneously, and followed a few days 
later by 2 c c intraperitoneally of a glucose-broth culture incubated at 37 C. for 24 hours and 
then at room temperature for 22 days again without any result. The culture was considered 
not to contain B. botulinus. 

Repurification was started Sept. 29, 1917; three repeated isolations by the blood-agar 
surface colony method occupied 10 days. There was no evidence that the culture was impure 

» Hall: Jour. Am. Med. Assn., 1919, 72, p. 274. 
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in the beginning. The cultural reactions of the purified culture were found to be identical with 
those of the original, and it was renamed on the basis of these and the specific agglutination 
reaction. 

B. sporogenes 46. — This came Nov. 1, 1916, from Dr. E. C. Dickson of Stanford University 
as "B. botulinus, Am. Museum of Natural History Strain." It seems probable that this 
strain was the same as B. sporogenes 44. ^ At any rate, the data of the preliminary tests, of 
the details of isolation, and of identification, are essentially identical. 

B. sporogenes 48. — This came also at the same time from Dr. Dickson as "B. botulinus, 
San Jose case." Dr. Dickson stated that this strain produced toxin containing 6,000 M L D 
for guinea-pigs. This culture probably contained B. botulinus originally, but it was lost 
before our own pathogenicity tests started, April 9, 1917, when the culture was repeatedly 
found avirulent in large doses. 

Purification started Sept. 20, 1917, and occupied 8 days; 3 repeated isolations were made. 
The morphologic and cultural properties and the lack of virulence pointed to B. sporogenes, 
and this was confirmed by the agglutination test. 

B. sporogenes 52. — This came from the subcutaneous tissues of a rabbit found dead May 
15, 1916. It is regarded as an agonal or postmortem invader. 

Deep brain cultures showed the presence of an actively motile, subterminally sporulating 
bacillus that blackened and digested the medium. 

As soon after the recovery of this culture as possible 1 c c of an 8-day brain culture was 
injected intravenously into a 3150 gm. rabbit but without effect. The morphologic and cul- 
tural properties of the original culture failed to suggest that it was impure; however, it was 
purified 4 times by the blood-agar surface method, during the interval between Nov. 8, and 
Nov. 22, 1917. The purified culture was identified by the agglutination reaction and by its 
morphologic and cultural features. 

B. sporogenes 54. — Dec. 13, 1916, the Laboratory of the California State Board of Health 
received a small vial of home canned corn accompanied by a letter saying that the corn had 
caused the severe illness of a woman who had tasted it and the death from eating the dis- 
carded corn of an entire flock of chickens. A few grains of the corn fed to a hen in the 
laboratory produced the typical symptoms of botulism followed by death in about 36 hours. 
While the presence of botulism toxin in the corn is regarded as certain, it was impossible to 
recover any obligate anaerobes from crop or gizzard. Heart blood cultures were sterile. 

The corn had a sour odor and showed gram-positive rods without spores. The anaerobe 
culture was free from aerobes and gave the morphologic and cultural reactions of B. sporo- 
genes. Several pathogenicity tests failed to support the assumption of B. botulinus and the 
latter may be supposed to have been overgrown or lost. The culture was repurified twice 
by the blood-agar surface method during a period of 8 days and identified by its morphologic 
and cultural reactions. 

B, sporogenes 58. — This was received Sept. 19, 1914, from Prof. K. F. Meyer, of the 
Univ. of Calif., as "B. oedematis Pasteur." It failed to blacken brain medium, and milk was 
slowly coagulated with gas production without subsequent liquefaction. Prof. Meyer stated 
recently that the correct diagnosis of this strain was Vibrion septique (see also Vibrion 
septique 32). The culture was apparently free from putrefactive contaminants Jan. 18, 1916, 
but when next examined Dec. 28, 1916, a brain culture was distinctly blackened and digested. 
Sugar tests made shortly thereafter indicated the undoubted presence of the original strain 
in the fermentation of lactose and salicin, but not saccharose. 

Purification started March 6, 1918, by the surface slant method using at first plain agar. 
Several types of colony were present but 2 other purified cultures secured from variants, in 
addition to the one here described, proved identical. Vibrion septique was unquestionably 
lost during repurification which was repeated on blood agar, 3 more times in each case. The 
purified cultures were identified as B. sporogenes by the agglutination reaction and by their 
morphology, cultural reactions and lack of pathogenicity. 

B. sporgenes 66. — Jan. 4, 1917, Mr. Frank Bachman of the Bureau of Sanit. Eng. of 
Calif. State Board of Health submitted an anaerobic culture derived from tap water with a 
tentative diagnosis of B. welchii. 

The fermentation of milk, lactose, saccharose, glycerol and dextrin indicated that B. 
welchii was present. Blackening of brain cultures, however, showed that the culture was 
impure. 

Purification was not started until Nov. 12, 1917, and consisted of thrice repeated picking 
of well separated colonies from the surface of blood-agar slants. 

B. welchii was not isolated. The purified culture was identified by the agglutination reac- 
tion and by its morphologic and cultural properties. 

B. sporogenes 72. — This was recovered from stools about 1912 by Prof. J. P. Simonds 
and sent to the writer by the American Museum ©f Natural History as "B. welchii No. 521," 
May 2, 1916. Immediate tests in milk, lactose, saccharose, glycerol, inulin, dextrine and 
starch, indicated by "stormy fermentation" that B. welchii was present, but blackening of 
brain cultures showed that a putrefactive organism was present. Also there were motile 
rods with clostridial subterminal spores. 

Purification started March 7, 1918, on plain agar slants under alkaline pyrogallol. Two 
types of colony were^ present, one more transparent, the other more opaque. The latter was 
isolated as B. welchii 2. The former was reisolated 4 times on plain and blood agar with 
the usual type of sporogenes colony after the primary culture and with the usual morphology 
and cultural reactions in the purified strain, which was finally identified by the agglutination 
reaction. 
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B. sporogenes 74. — This was received Feb. 17, 1916, from the Cutter Laboratories as 
"B. tetani." It was morphologically characteristic of B. tetani The morphologic data coupled 
with failure to affect milk or blacken brain medium during 18 days' incubation suggest that 
the culture was pure B. tetani when received; unfortunately tests for pathogenicity were not 
made immediately. This record illustrates how anaerobic cultures lose or change their iden- 
tity in the vicissitudes of the laboratory. March 30, 1917, brain cultures were? distinctly 
blackened, but an inoculated guinea-pig failed to develop tetanus. 

Purification started April 17, 1918, and required until May 1 for 3 successful isolations 
of surface colonies from blood agar. The colonies picked were ameboid drops. The puri- 
fied culture was first shown to be nonpathogenic for guinea-pigs and rabbits and was later 
identified as B. sporogenes by the agglutination test. B. tetani was lost during purification. 

B. sporogenes No. 84. — This was recovered from water in 1910 at the Mt. Prospect Labora- 
tory and sent from the American Museum of Natural History May 2, 1916, as "B. sporogenes 
No. 120." This culture was apparently pure and correctly named. 

The culture subsequently became contaminated on 3 separate occasions with hay bacillus 
which was eliminated each time by the use of gentian violet. 80 Anaerobic repurification was 
started April 18, 1918, and continued for about 5 weeks. Four repeated isolations from 
blood-agar slants were made. It was identified by the agglutination reaction and by its mor- 
phology, cultural characteristics, and nonpathogenicity. 

B. sporogenes 88. — This was found in the stock collection of the Depart, of Hyg. and 
Bacteriol. of the Univ. of Chicago, having been received from the American Museum of 
Natural History, Nov. 20, 1919, as "B. tetani No. 274." According to Miss Ada Bancroft of 
the Museum, this culture had been isolated from a case of lockjaw in Oct., 1908, and was 
sent to the Museum by Parke, Davis & Co. of Detroit in April, 1911. 

When it came into my hands, Jan. 29, 1921, a deep meat medium culture was blackened 
and digested, indicating at least an impurity. One c c of a 6-day glucose broth culture 
injected subcutaneously into a guinea-pig (1.005 gm.) had no effect, indicating the absence 
of B. tetani and other pathogens. 

Purification was started Feb. 9, 1920, using the deep agar method. There were 2 types 
of colony, one large and fluffy, the other small and compact. The latter was repeatedly 
isolated until certainly pure. It has not yet been identified and will not be described at 
this time. The fluffy colony was reisolated 3 more times from deep agar dilutions ia none of 
which more than one type ever occurred. It was identified as B. sporogenes by the agglutina- 
tion test and by its morphology and cultural reactions. 

B. sporogenes 90. — This was received at the Univ. of Chicago Nov. 20, 1919, fromi the 
American Museum of Natural History under the label of "B. oedematis-maligni No. 485," 
having come from Krai. 

Deep meat cultures were blackened, but no other differential tests were made previous to 
purification. 

Purification began Feb. 13, 1921, and occupied 26 days for 4 repeated isolations by the 
deep agar method. The colonies were homogeneous, diffuse and fluffy in appearance. The 
purified culture presented all the morphologic and cultural features of B. sporogenes and was 
identified by the agglutination reaction. 

B. sporogenes 92. — This was received at the Univ. of Chicago, Nov. 20, 1919, from the 
American Museum of Natural History as "B. botulinus No. 331," having been isolated by 
Dr. Dickson and Miss Burke at Leland Stanford University and received at the Museum 
in Jan., 1919. 

Feb. 5, 1921, the writer inoculated a large guinea-pig (weight, 1,150 gm.) subcutaneously 
with 1 cc of a 6-day (37 C.) glucose-broth culture without effect, showing the absence of 
B. botulinus. Deep meat cultures were blackened and showed motile rods that stained by 
Gram's method and bore subterminal spores. 

Several failures to secure well separated blood-agar surface colonies were recorded. 
Although there was no evidence of impurity, the culture was repurified 4 times from deep 
agar. The morphology and cultural reactions of the repurified culture were as usual for B. 
sporogenes which was confined by the agglutination test. 

B. sporogenes 94. — This was found in the collection at the Univ. of- Chicago under the 
label "B. chauvcei." Its origin was unknown. The blackening and digestion of a deep 
meat culture inoculated Jan. 30, 1920, indicated an organism more highly putrefactive than 
B. chauvcei, and the innocuousness of 1 c c of the supernatant fluid from the brain culture 
incubated 3 days at 37 C. injected subcutaneously into a 230 gm. guinea-pig proved the 
absence of pathogenic bacteria. 

The culture was apparently pure as judged from the similarity of colonies in deep agar 
but it was repurified four times by repeated isolation from deep agar. 

It was identified morphologically, culturally and serologically. 

B. sporogenes 113. — This came from the American Museum of Natural History Sept. 1, 
1920, as "B. welchit No. 113," having been sent by Dr. Welch to the Mt. Prospect Laboratory 
and from the latter to the Museum in 1911. 

Primary culture in milk gave a result typical of B. sporogenes, not of B. welchii. Primary 
glucose-broth cultures contained motile clostridial subterminal spores, and deep brain cul- 
tures were digested. There was no evidence of the persistence of B. welchii. It was evidently 
pure B. sporogenes when I received it. Repurification 3 times by the deep agar method 
required 8 days. It was identified by the agglutination test and corresponds morphologically 
and culturally 
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B. sporogenes 114. — This was an American Museum of Natural History culture marked 
"B. welchii No. 20," having been obtained from Dr. Ernst at Harvard by the Mt. Prospect 
Laboratory of Brooklyn and sent to the Museum in 1911. It came into my hands Sept. 1, 1920. 

The primary culture in milk failed to confirm the label, but coupled with the motility and 
morphology of the organism and the digestive action in brain medium pointed to B. sporogenes 
which was identified by specific agglutination of the repurified culture secured after thrice 
repeated isolation from deep agar. 

B. sporogenes 115. — This was received Sept. 1, 1920, from the American Museum of 
Natural History as B. botulinus 333, having come to the Museum from Leland Stanford 
Junior University, Jan. 20, 1919, as the "strain of B. botulinus B. isolated by Dickson and 
Burke." 

The primary subculture in glucose broth was nontoxic at 48 hours for a 200 gm. guinea- 
pig in a dose of 0.5 cc injected subcutaneously ; there was thus no evidence of B. botulinus 
It showed the morphology and physiology of B. sporogenes, which of course are not distinc- 
tive. While the culture was evidently pure, it was repurified 3 times by the deep agar 
method, requiring 8 days. 

B. sporogenes 118. — This was received at the University of California some time during 
1919 from the American Museum of Natural History as B. botulinus 575. Its origin was 
traced only as far back as Krai's Museum from which it was sent several years ago. It 
came into my hands Sept. 21, 1920, and was then nonpathogenic for guinea-pigs inoculated 
with 1 cc of glucose-broth cultures. It appeared to be a pure culture of B. sporogenes but 
was repurified 3 successive times during a period about 9 days by the deep agar method. 

B. sporogenes 121. — This was an American Museum of Natural History culture marked 
"malignant oedema bacillus No. 421." This culture was received by the University of Cali- 
fornia sometime during my absence in 1919-20. The Museum stated that this culture was 
isolated in Sept., 1910, at the Bellevue Hospital from a case of malignant edema and was 
received by the Museum in September, 1911. 

It was a brain culture dated April 27, 1920, that came into my hands Sept. 23, 1920. 
Subcultures in brain medium were free from aerobes and blackened quickly; an 18-hour 
glucose broth culture was nonpathogenic by subcutaneous inoculation of 1 c c into a 350 gm. 
guinea-pig; milk cultures gave the usual sporogenes type of reaction. 

On dilution in deep agar the identity of colonies suggested the original purity of the cul- 
tures, but it was repurified three times. The putrefactive properties in milk and brain 
medium and the morphology of the purified cultures were again shown to be those of B. 
sporogenes, which was confirmed by the agglutination test. 

B. sporogenes 122. — This was obtained in the same manner as No. 121 from the American 
Museum of Natural History as "B. Feseri N. 48." A letter from the Museum stated that 
it came to the Museum in February, 1911, marked "No. 011" from Parke, Davis & Co. 

The details of this culture are almost identical with those recorded for B. sporogenes 121. 
The original was apparently pure as judged by the morphologic and cultural identity with 
the repurified strain, which was proved serologically to be B. sporogenes. 

B. sporogenes 133. — Dec. 4, 1920, a laboratory sheep was found dead, 2 days following 
a bleeding from the jugular vein. On an admittedly tardy postmortem, the muscular tissue 
was emphysematous and the lung cavity contained a thick, putrid bloody fluid, which .howed 
thick, gram-positive rods with subterminal spores and slender gram-positive rods. Some of 
this fluid was injected into a guinea-pig which died, and from it were recovered B. spermoides 
(see No. 137) and another culture of B. sporogenes. Primary cultures from the pleural 
fluid contained both gram-positive sporulating anaerobes and gram-negative nonsporulating 
aerobes, of which the latter were eliminated by heating. The remaining anaerobic culture 
appeared to be pure B. sporogenes but was repurified 3 times, twice by the deep agar method, 
and once by the blood-agar surface colony method, before final identification. 

B. sporogenes 150. — This was received May 20, 1921, from an assistant in Prof. F. G. 
N'ovy's laboratory at Ann Arbor, as B. novyi. The obviously putrefactive action of this 
culture on milk and brain mediums showed that the culture, if of B. novyi, was at least 
contaminated anaerobically. The lack of pathogenicity in this culture could not be^ taken 
as evidence of the absence of B. novyi, since, while the species is typically quite virulent 
and the organism recovered by Prof. Novy was so originally, it has almost completely lost hs 
virulence, as shown in a true culture subsequently sent by Prof. Novy himself (see No. 153). 
It was, at any rate, impossible to find any but B. sporogenes in this culture, but the purity of 
the strain was insured in thrice repeated isolation by the deep agar colony method. 

Morphology. — B. sporogenes is a large, gram-positive, highly motile 
rod of variable length, occurring singly, in pairs or in chains. In brain 
cultures chains are less common, but culture 84 was unusually prone to 
the production of long chains and filaments. Spores are formed 
abundantly in mediums free from fermentable sugars and to some 
extent even in mediums containing them. 

Colony Form. — Blood-agar surface colonies are variable in form 
according to the consistency of the agar. With stifler medium they 
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tend to be round and dew-drop-like; with softer agar they become 
rhizoid, stellate, ameboid, or even confluent. They are always hemolytic. 

Deep 1% agar colonies are fluffy, transparent balls, and if well 
separated may reach a diameter of 1 cm. ; colonies in 2% agar tend 
to be more restricted, opaque, and even discoid in form. 

Physiology. — B. sporogenes is actively proteolytic. It digests rapidly 
coagulated albumins, such as egg white, minced meat and brain. These 
mediums are also blackened owing to the liberation of considerable 
sulphuretted hydrogen and the precipitation of iron sulphide. Salmon 
flesh is not blackened normally although it is digested and sulphuretted 
hydrogen is produced, as can be shown by lead acetate, but if an iron 
nail or certain iron salts be added to this medium, it becomes blackened 
as do brain and meat mediums. The addition of iron also intensifies 
the blackening in the latter mediums. 

Repeated tests for indol were made with B. sporogenes cultures 
numbered 10 to 94, inclusive, without results. 

Gelatin is liquified and darkened by all cultures. 

The action on milk depends on the strain and on the degree of 
anaerobiosis provided, but the changes always follow a certain order — 
first, slow coagulation and then liquefaction accompanied by slight gas 
production. The titratable acidity of the milk always increases greatly 
during the phase of liquefaction, but the H + ion concentration decreases 
slightly in spite of the increased titer. Further studies are required 
on the metabolism in milk of B. sporogenes and other putrefactive 
anaerobes. 

B. sporogenes ferments monosaccharides but not higher carbo- 
hydrates. Both a change in the direction of higher H + ion concentration 
and gas formation in simple peptone mediums may serve as criteria 
of fermentation. 15 All of the foregoing cultures formed acid and gas 
in glucose broth and only traces of gas and no acid in lactose, saccharose, 
salicin. glycerol and inulin peptone broth. 

Pathogenicity. — B. sporogenes in pure culture is practically non- 
pathogenic. I tested every culture on guinea-pigs and many on rabbits, 
the former by subcutaneous, the latter by both subcutaneous and 
intravenous injection. No effect was ever observed from intravenous 
injection. Subcutaneous injection of 1 c c of glucose broth or brain 
medium culture, particularly in guinea-pigs, usually produces a slight 
local tumefaction during the first 24 hours, which then dries up and 
disappears in a few days. 
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Barger and Dale" and others have noted that larger doses of old putre- 
factive cultures of B. sporogenes may cause symptoms resembling those of 
anaphylaxis, shortly after inoculation. These are not to be ascribed either 
to a pathogenic action of the micro-organism, or to a specific toxin, as 
Weinberg and Sequin 2 have done, but rather to the effect of ptomaine-like 
substances produced during growth in mediums rich in protein. 52 

The importance of mixed cultures of B. sporogenes in the problem of 
pathogenicity is just becoming recognized since the work of Weinberg and 
Sequin. 2 . 53 This point is mentioned here only incidentally as it does not bear 
directly on the problem of identification. 

BACILLUS HISTOLYTICUS 

Weinberg and Sequin, 54 in 1916, recovered from a case of gaseous 
gangrene a mildly putrefactive pathogenic anaerobe that they called 
B. histolyticus because of its marked ability to liquefy living tissues. 55 
I am indebted to Dr. Weinberg for a strain of this novel species, which 
has enabled me to verify the claim regarding its remarkable pathogenic 
action. 

B. histolyticus 141. — This was received from Dr. M. Weinberg of the Pasteur Institute of 
Paris, March 17, 1921. A stain showed many gram-positive rods, some containing subterminal 
oval clostridial spores; there were also numerous free oval spores. A brain medium subculture 
developed Staphy. albus as an aerobic contaminant which was eliminated by 5 minutes' boiling. 

A careful study of the morphology, physiology and pathogenicity of the aerobe-free sub- 
culture was then made. 

. Repurification started March 29, 1921, and occupied 13 days for 2 isolations by the deep- 
agar method and one by the blood-agar surface colony method. There was no evidence of 
anaerobic impurity. The colonies were all alike in 1% agar, compact opaque irregular globules. 

Blood-agar surface colonies were hemolytic dew drops. 

The morphologic, cultural and pathogenic properties were retested with the purified cul- 
ture and found identical with those of the original. 

Morphology. — B. histolyticus is a gram-positive, motile anaerobic 
rod that forms subterminal clostridial spores similar to those of B. 
sporogenes and B. botulinus from which there is no morphologic 
distinction. 

Colony Form. — The form of colony varies according to the medium. 
Deep agar colonies may be compact lobulate globules or fluffy semi- 
transparent or even cottony balls. On blood-agar slants under alkaline 
pyrogallol my culture always produced a dew drop type of colony. 

Physiology. — Biochemically B. histolyticus is similar to B. sporo- 
genes, but as Blanc and Pozerske r ' 6 found, less actively proteolytic for 
albumins coagulated by heat. These investigators observed no action 
of their strain on coagulated egg white, but the one sent by Dr. 
Weinberg digested this protein in tests slowly. The proteolytic activity 

61 Brit. Med. Jour., 1915, 2, p. 808. 

62 Compt. rend. Acad, des Sc, 1918, 166, p. 1. 
M Copt. rend. Soc. bid., 1916, 79, p. 1028. 

64 Compt. rend. Acad, de Sc, 1916, 163, p. 449. 
re Compt. rend. Soc. de Biol., 1917, 80, p. 157. 
M Compt. rend. Soc. Biol . 1920. 83, pp. 1315, 1343, and 1369. 
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of B. histolyticus is mild in vitro as compared with its tremendous 
digestive action in vivo. 

A brain medium culture digested slowly, darkened slightly and 
developed white crystals similar to those pictured for this species as 
tyrosin by the Medical Research Committee. 1 Gelatin was liquefied 
on the second day. The action in milk was slow, none at all for 7 
days, then coagulation followed by liquefaction without gas production. 

Like B. sporogenes, this species ferments only monosaccharides 
and the easily hydrolyzed disaccharide maltose. I found acid and gas 
formed in glucose broth, not in lactose, saccharose, salicin, glycerol 
or inulin. 

Pathogenicity. — The pathogenic action of B. histolyticus is unique 
and consists in a progressive localized liquefaction of living tissues. 
The following examples confirm the observations of Weinberg and 
Sequin. 2 

Guinea-pig 945, weighing 470 gm., was inoculated March 26, 1921, with lcc 
of a 24-hour glucose-broth culture of B. histolyticus 141 in the left gluteus 
muscle. This was with the original culture after the staphylococcus had been 
eliminated but before the culture had been repurified. 

March 27 the skin was gone over an area of 3-4 sq. cm. of the limb at the 
site of inoculation. The muscles were eroded, and the exposed portion was 
covered with a bloody slime. Microscopic examination of this showed debris 
of tissue disintegration, red blood cells, fibrin, a few polymorphonuclear leuko- 
cytes and many gram-positive single and double rods mostly without spores. 
The few spores were subterminal and clostridial. The animal appeared not tc 
be intoxicated and ate well although suffering pain when handled. 

March 28 it was found dead. The flesh of the leg, from hip to knee, was 
gone completely; the naked joint parted easily at the knee. The abdominal 
muscles and skin were necrotic and digested away, the intestines extending. 
There were no macroscopically recognizable lesions of the thoracic or abdominal 
viscera except that those intestines in contact with the abdominal peritoneum 
were hyperemic and the kidneys were grayish and friable. The renal lesions 
attracted our special attention; sections were made by Prof. T. D. Beckwith, 
to whom the writer is grateful for the following description : 

"The kidney tissue on the outer portion of the organ showed an active lytic 
effect with destruction of tissue complete. Degeneration had spread throughout 
the mass. The tubular epithelium was undergoing destruction as evidenced 
by widespread •karolysis. In the glomeruli karyolysis was general. Occasionally 
crescents were noticeable. There was no evidence of infiltration." 

I failed to recover a culture from the heart blood. 

Guinea-pig 987, weighing 690 gm., was inoculated April 12, 1921, with lcc 
of a 1 : 10 dilution of a 24-hour glucose broth culture 141 after repurification. 
in the left gluteus muscle. April 13 the leg was swollen and not used, but the 
animal appeared to be well otherwise. 

April 14 the skin was sloughing off of the external surface of the thigh 
muscles. 
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April 15, the animal appeared sick for the first time. The muscles of the 
injected leg were fluid and dripping. Slides showed a mixed infection of 
cocci and bacilli with different types of spores, but mostly subterminal Clostridia. 
No leukocytes could be found. 

April 16, the guinea-pig was found dead with a peritoneal perforation reach- 
ing from sternum to pubis and the intestines hanging out. The leg muscles 
were gone, but the tendons were intact. The testicles were soft and "mushy." 
The abdominal muscles were digested away to the pectoral girdle. The lungs 
were hyperemia There were no other macroscopic lesions of the viscera except 
of the kidneys which both macro- and micro-scopically were as before. 

An apparently pure culture of B. histolyticus was secured from the heart 
blood. 

The essentials of these results have been repeated several times since. 

BACILLUS CHAUVCEI 

Until very recently, blackleg in cattle, like gaseous gangrene in 
human beings, was regarded as a monomicrobic infection, but the work 
of Heller 5T confirmed the view suggested by the findings of Kerry 5S 
and others that this disease may be due now to one, again to another, 
or even at times, to mixtures of B. chauvoei, B. novyi and Vibrion 
septique. The last 2 have been found in human gaseous gangrene, the 
first never with certainty. Furthermore, the commonest cause of human 
gas infections, B. welchii, has not yet with certainty been proved the 
cause of a natural gas infection in animals. 

The writer has been privileged to study only a single strain of 
B. chauvcei as follows : 

B. Chattvwi No. 6. — This was obtained from Dr. F. W. Wood of the Cutter Laboratories, 
March 2, 1916. It was labeled "Blackleg, Calif.," and had come from Professor K. F. Meyer. 
This strain was described by Meyer" in 1915. The culture was evidently pure, but was 
repurified 5 times during the interval from March 30 to May 14, 1918. It corresponds with 
the recent definitions of Meyer, 5 Heller, 57 and Robertson. 50 

Morphology. — B. chauvcei is a gram-positive, motile rod that forms 
subterminal clostridial spores freely and under certain conditions solidly 
staining swollen forms that Heller 57 has designated "orgonts." 
Emphasis was placed by Leclainche and Vallee, 59 Meyer, 5 Robertson eo 
and others on a morphologic distinction between B. chauvcei and Vibrion 
septique in liver smears from experimental animals dead of infection 
by these organisms; the first never forms chains or filaments, but the 
latter usually does though not invariably (see Vibrion septique 4). 

Colony Form. — Blood-agar surface colonies are flat, leaf-like or 
round according to the consistency of the medium, and actively 
hemolytic. 

57 Jour. Infect. Dis., 1920, 27, p. 385.. 

58 Centralbl. f. Bakteriol., I, 1894, 16, 'p- 372. 
a Ann. de l'lnst. Pasteur, 1900, 14, p. 596. 
"» Brit. Med. Jour., 1918, 1, p. 583. 
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Deep colonies are semitransparent to opaque spheres with or without 
raylike growths. 

Physiology. — B. chauvoei is easily grown in highly buffered mediums 
containing a modicum of fermentable carbohydrate. It seemingly 
requires a more carefully adjusted H* ion concentration than some 
other anaerobic bacteria so that failure to secure growth is not infre- 
quent in poorly buffered mediums, such as broth, agar and gelatin. 

B. chauvcei is practically nonproteolytic ; chopped brain and meat 
mediums are neither digested nor blackened. These mediums become 
acid in reaction and may reach a H + ion reaction of P H = 5.6. Even 
the addition of an iron nail to brain medium gives only a yellowish 
discoloration (due possibly to iron oxide) after long continued incuba- 
tion. Sulphuretted hydrogen was not produced in 9 days. Gelatin 
is liquefied. 

The fermentative activities of B. chauvcei are not so vigorous as 
those of either Vibrion septique or B. welchii. Milk frequently shows 
no change at all; in the presence of sterile blood there may be gas 
production and coagulation of the casein. The casein clot is never 
digested. Glucose, levulose, maltose, saccharose, and lactose were 
fermented, with acid and gas production; mannite, glycerol, inulin, 
dextrin and salicin were not fermented, corresponding with Robert- 
son's 60 results. Saccharose fermentation and nonfermentation of 
salicin are of differential value, as shown in chart 1, in distinguishing 
Vibrion septique. 

Pathogenicity. — My strain is still virulent for guinea-pigs after 5 
years' artificial cultivation without animal passage although stock 
cultures in brain medium were transplanted only at infrequent intervals. 
In collaboration with Mr. Lee Wah Pond, about 56 guinea-pigs and 
several rabbits have been inoculated. It is not possible for us to add 
anything to the elaborate description of acute lesions given by Heller. 57 
On several occasions sublethal doses caused severe subcutaneous 
gaseous edema followed by a sloughing phlegmon and slow but complete 
healing, as already described for B. welchii. 

B. chauvcei is generally regarded as nonpathogenic for rabbits, 
although Heller 57 noted exceptions in 2 strains. Culture 6 has always 
proved nonpathogenic for rabbits in doses up to 2 c c of glucose-broth 
culture inoculated intravenously or subcutaneously. 

VIBRION SEPTIQUE 

The long standing confusion of the terms Vibrion septique and 
""bacillus of malignant edema" took a step toward clarification in the. 



Sporulating Anaerobes 487 

work of Ghon and Sachs 61 in 1903 when they pointed out the dis- 
crepancies between the Vibrion septique culture of Pasteur, fortunately 
preserved in the Pasteur Institute in Paris, and the then available 
descriptions of the "bacillus of malignant edema," a highly putrefactive 
organism. This point of view was perpetuated in the work of Von 
Hibler, 62 Werdt 63 and Meyer. 5 We know now that many of the 
supposedly "authentic" cultures of "malignant edema bacillus" were 
in reality B. sporogenes. What it was that Koch actually saw in the 
tissues of his experimental animals but failed to isolate, we can only 
surmise. But Weinberg and Sequin 2 have elucidated the historical 
aspects of the question in a highly satisfactory manner. Nor can we 
overlook Heller's 5T suggestive interpretation of the tangle. 

While the essential features of the situation respecting Vibrion 
septique and "bacillus of malignant edema" may now be regarded as 
settled, we are far from a unanimity of opinion regarding the nomen- 
clature of Vibrion septique in particular, and of anaerobes in general. 
No satisfactory excuse can be offered for using a separate generic 
designation for such closely related organisms as Vibrion septique and 
Bacillus chauvoei, and indeed Arloing and Mace (quoted by Weinberg 
and Sequin 2 ) have independently suggested the use of Bacillus septicus 
to replace the former. The writer is unconvinced of the validity of 
"Clostridium" as adopted by the Society of American Bacteriologists 
for a generic designation for the sporulating anaerobes and prefers to 
continue the use of the historic terms until a real unanimity of opinion 
prevails. For the present, therefore, none will misunderstand what we 
mean by "Vibrion septique." 

I am indebted to Professor K. F. Meyer for all but one of the 
following 7 cultures. To his great credit; not one gave any evidence 
of impurity. Some of these strains were misnamed at the time of 
my receipt of them, Prof. Meyer having passed them on realizing that 
in some cases they would have to be relabeled. We are now in accord 
regarding the classification of these cultures. 

Vibrion septique 4. — This was received March 2, 1916, from Dr. F. W. Wood of the 
Cutter Laboratories, he in turn having obtained it from Dr. K. F. Meyer as "Vibrion septique, 
Fasteur." Purity and identity were confirmed in the morphologic and cultural properties, 
including the action in brain medium, fermentation of salicin and nonfermentation of 
saccharose. 

The culture was repurified twice by the surface colony method starting March 7, 1918, 
once from plain agar and again from blood-agar slants under alkaline pyrogallol. The colo- 
nies were all alike 'in each isolation culture — delicate, flat, hemolytic colonies resembling tiny 
maple leaves. Several further attempts to secure well separated surface colonies failed owing 
to excessive moisture in the agar. 

a Centralbl. f. Bakteriol., I, O., 1903, 34, pp. 289, 398, 481, 609. 

€2 Unters. iiber path. Anaeroben, 1908. 

f ^ Malignes oedem, Kolle u. Wassermann, Handbuch d. path. Mikro-org., 1912, 4, p. 837. 
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The identity of the repurified culture was confirmed on the basis of its morphology, cul- 
tural reactions, and pathogenicity. It alone, of all the Vibrion septique cultures, failed 
repeatedly to produce filamentous forms on the liver surface of injected guinea-pigs. Pre- 
cedence is given to the diagnostic value of the fermentative reactions in this case. 

Vibrion septique 12. — This was received from Prof. K. F. Meyer Sept. 19, 1914, as 
Ghon-Sach's "bacillus No. 1." Brain medium cultures failed to blacken, gelatin was liquefied, 
and blood milk fermented. Sugar reactions were not tested at this time. 

Purification by the blood-agar surface colony method started April 8, 1918, and required 
25 days for 6 repeated isolations. The colonies were always lobulate, ameboid, and 
hemolytic. 

Vibrion septique 14. — This was received, March 2, 1916, from Dr. F. W. Wood. It came 
originally from Prof. Meyer as *'Ghon-Sach*s bacillus.*' It is doubtful whether this culture 
is the same as No. 12; it is serologically distinct. Morphologically and culturally it was 
identical. 

Repurification started April 17, 1918, and required 18 days for 4 repated isolations of 
well separated colonies from blood-agar slants. The colonies were always dew drop like in 
form. 

The culture was relabeled Vibrion septique on the basis of its morphology, cultural reac- 
tions and pathogenicity. 

Vibrion septique 16. — This was recovered by Dr. F. W. Wood from the tissues of a cow 
dead of blackleg and sent to the writer with a tentative designation "B. chauvcei," Feb. 1. 
1915. No proteolytic anaerobes were present, but looking backward, the fermentation of both 
saccharose and salicin seems to indicate that both B. chauvcei and Vibrion septique were 
originally present in this culture. It was pathogenic for guinea-pigs. 

Purification started April 17, 1918, and was readily repeated 3 times in 8 days; using the 
blood-agar surface colony method. B. chauvcei, if actually present at first, was probably 
lost in this process since the purified culture has never fermented saccharose, but only salicin. 

It was identified by its morphology, cultural reactions and pathognicity. 

Vibrion septique 18. — This was received Sept. 19, 1914, from Prof. Meyer as "B. 
chauvcei, Kitt, Munich." This latter could be ruled out on the nonfermentation of saccharose 
and the fermentation of salicin. 

Repurification started April 17, 1918, but owing to difficulty in securing well separated 
surface colonies about 40 days were required for 5 successful repeated isolations out of 12 
trials. The colonies, when not confluent, were always flat and somewhat ameboid in form. 

Identification was established on the basis of morphology, cultural reaction and 
pathogenicity. 

Vibrion septique 28. — This was Prof. Meyer's "B. chauvoei Pasteur." It came into my 
hands Sept. 19, 1914. There is nothing in the record of my early tests to indicate impurity; 
unfortunately the fermentative reactions were not determined prior to repurification. 

Repurification started April 19, 1918, and was repeated by the blood-agar surface colony 
method 3 times. The colonies were of the dew drop type. 

The predominance of filaments in a young glucose-broth culture and on the impression 
smear made from the liver of a guinea-pig dead after inoculation with this culture suggested 
the new identification of Vibrion septique which was confirmed by the fermentation reactions. 

Vibrion septique 32. — This was Prof. Meyer's "B. oedematis Pasteur." It was given to 
the writer Sept. 19, 1914, along with several others including our B. sporogenes 58. The 
records fail to distinguish these cultures by their original labels, but they were recorded 
separately and have been studied separately. I have already mentioned that No. 58 became 
contaminated in my hands with B. sporogenes which was isolated, whereas the original 
Vibrion septique was lost. The present culture has never shown any evidence of impurity 
either when received or since. It was tested carefully and the records of its early morphology, 
cultural reactions and pathogenicity agree with those of the repurified culture in the designa- 
tion of Vibrion septique. 

Repurification occupied the interval from April 17, 1918, to April 25, 1918, and comprised 
3 repeated isolations from blood-agar surface colonies, which were hemolytic ameboid, round, 
or irregular flat disks in the different tubes. 

Morphology. — Vibrion septique is a gram-positive rod. Its gram- 
staining properties are, however, less intense than those of some other 
anaerobes. Sporulation occurs abundantly in brain medium. The 
spores are generally subterminal as to location and swell the rods to 
form clostridiums. Barrel shaped "orgonts" are formed by the 
immature spores. On peritoneal surfaces of infected animals long 
filaments are usually formed which show tremendous variations in the 
individuals of different or even single cultures. 

Vibrion septique is motile in very young cultures but cultures of 
24 hours' or more incubation are frequently nonmotile. 
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Colony Form. — Surface colonies on blood agar are subject to 
considerable variations as noted in our descriptions of the various 
strains under isolation. 

Deep agar colonies also vary. They tend to be semitransparent, 
with filamentous or woolly outgrowths. 

Physiology. — Vibrion septique is nonputrefactive. It never liquefies 
or digests coagulated egg white, brain or meat mediums, nor are any 
of these blackened, even in the presence of metallic iron. Sulphuretted 
hydrogen is not produced in 0.1% lead acetate. Brain and meat 
mediums are slightly acidified by the growth of Vibrion septique, owing 
to fermentation of the natural sugar. Robertson's 6 alkaline egg broth 
is rendered slightly opaque, never milky as by B. welchii. There is 
usually no action in milk, except in the presence of blood, when it 
resembles that of B. chauvcei. 

Glucose, levulose, galactose, maltose, lactose, and salicin are actively 
attacked with acid and gas production ; saccharose, inulin, mannite and 
glycerol are not fermented, in agreement with Robertson's 6 records. 
Fermentation of salicin and nonfermentation of saccharose distinguish 
Vibrion septique from the otherwise similar B. chauvcei. 

Pathogenicity. — All of the strains described were found pathogenic 
for guinea-pigs in doses of 1 c c 24-48-hour glucose-broth cultures. 
Virulence persisted throughout their maintenance in the laboratory 
without animal passage and indeed with only infrequent transfers in 
brain medium. I have made no effort to determine the minimal fatal 
dose. One cc injected subcutaneously produces an emphysematous 
edema externally similar to that produced by B. welchii and B. chauvcei. 
The affected area becomes hot, moist, crepitant, and tender to the 
touch. The hair slips easily. The animals appear to be profoundly 
intoxicated. They almost invariably die> within 48 hours. 

At necropsy the subcutaneous tissues are found to be hemorrhagic, emphy- 
sematous, and edematous. The differences between animals killed by B. welchii 
on the one hand and by Vibrion septique and B. chauvoei on the other in our 
laboratory, accord in general with those described by the English Committee, 1 
Weinberg and Sequin 2 and Robertson." They are of corroborative rather than, 
of diagnostic value. Congestion of the intestines is common and gastric hemor- 
rhages have been observed at times. The suprarenals are usually hyperemic, 
but the kidneys and liver do not as a rule show macroscopic changes. 

Impression smears from the peritoneal surfaces usually, but not invariably 
(see culture 4) show elongated granular filaments. As LeClainche and Vallee,*" 
Meyer, 6 Robertson,* Heller" and others have pointed out, B. chauvai never 
forms such filaments ; they have therefore considerable diagnostic value. 
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Heart blood cultures were positive in about 70% of our Vibrion 
septique necropsies on guinea-pigs. 

In rabbits I have made only a few observations incidental to the production 
of agglutinating serums. Of strains 12, 14 and 18, 1 c c of glucose-broth culture 
injected subcutaneously failed to cause any inconvenience. An initial injection 
of 2 c c of Vibrion septique 18 caused a severe but temporary induration in 
one rabbit. Another, weighing 1,655 gm., after surviving an initial subcutaneous 
injection of 1 c c of Vibrion septique 18 followed by 2 more of 5 c c each 
after 4-day intervals without serious illness, succumbed within 24 hours after 
the third 5 c c dose which was given following an interval of 6 days. 

At necropsy there was a bloody and purulent subcutaneous emphysema. The 
large intestine was hemorrhagic; the kidneys were soft, with the cortex 
lighter than medulla ; the liver was friable ; the lungs were normal. Impression 
smears from the subcutaneous tissues showed single rods with clostridial spores. 
Impression smears from the liver were negative and heart blood cultures 
remained sterile on incubation. 

It thus seems probable that occasionally strains pathogenic for 
rabbits may be encountered. 

BACILLUS NOVYI 

Novy, 64 in 1894, recovered a new pathogenic anaerobe from 3 
guinea-pigs that died after injections of nonsterile nuclein prepared 
from casein, which he named "Bacillus oedematis II." Kerry 65 is 
thought to have recovered the same organism from the dried flesh of 
a cow supposedly dead of blackleg, following which, according to 
Weinberg and Sequin, 2 the 2 descriptions were united by Kruse under 
the name of "B. oedematis thermophilus" and later given a valid 
binomial designation, "B. novyi" by Migula. Von Hibler 11 studied 
4 strains, including the original ( ?) and 3 others, recovered respectively 
from a rabbit inoculated with earth, from a wild boar presumably dead 
of symptomatic anthrax, and from the lips of a woman supposed to 
have died of a septicemic disease. Weinberg and Sequin 2 concluded 
that the organism described by themselves in 1915 66 as B. oedematiens 
is identical with "B. novyi." This being true, the earlier name has 
priority. 

I have found 3 strains of B. novyi, including Novy's original 
culture, one of Weinberg's so-called B. oedematiens, and one recovered 
in California from a horse essentially identical. 

B. novyi 139. — This was received Dec. 10, 1920. It came from a fatal wound infection 
in a horse, appeared to be pure, and presented all the morphologic, cultural and pathogenic 
characters that distinguish B. oedematiens in the descriptions of Weinberg and Sequin. 2 

« Ztschr. f. Hyg. u. Infektionskr., 1894, 17, p. 209. 
05 Centralbl. f. Bakteriol., 1, 1894, 16, p. 372. 
«• Compt. rend. Soc. de Biol., 1915, 78, p. 507. 
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It was repurified twice by the deep agar method and twice by the blood-agar surface colony 
method during the interval from Dec. 15, 1920, to Jan. 4, 1921. The properties of the orig- 
inal were confirmed in the repurified strain. 

B. novyi 140. — This was received March 17, 1921, as B. oedematiens 128 from Dr. Wein- 
berg of the Pasteur Institute at Paris. In morphology, cultural reactions and pathogenicity 
it was identical with the preceding culture. 

In the primary deep agar dilution for repurification 2 types of colony suggested impurity. 
One was more compact, but when the fluffier type was picked into deep brain and further 
dilutions made in deep agar only compact colonies resulted. Furthermore, when repeated 
dilutions were made from the original culture only compact colonies appeared. This is cited 
to show how little reliance can be placed on judgments based on colony differences. We 
have actually no evidence that the original culture was impure. Four repeated isolations were 
made from the compact deep agar colonies (none other appeared after those in the initial 
repurification culture) and a fifth from the well separated minute, dew-drop-like, hemolytic 
colonies on a blood-agar slant under alkaline pyrogallol. The repurified strain had the same 
morphologic, cultural and pathogenic properties as the original. 

B. novyi 153. — This was received from Prof. F. G. Novy of the University of Michigan, 
Sept. 13, 1921. The culture was apparently pure and unlike the first culture sent as B. 
novyi by one of Prof. Novy's assistants (see B. sporogenes 150), was morphologically and 
culturally identical with strains 139 and 140. It was much less pathogenic for guinea-pigs 
but not wholly devoid of virulence, for while we have as yet failed to cause the death of 
guinea-pigs with 1-2 c c doses of glucose-broth culture injected subcutaneously, the charac- 
teristic nonemphysematous edema was produced repeatedly, 

A single repurification by the deep agar method, although unnecessary, was given this 
culture; the characteristic morphology, cultural reactions and pathogenicity were reaffirmed 
for the picked strain. 

Morphology. — B. novyi is a gram-positive rod of variable length, 
sluggishly motile in very young cultures only. Persistent examination 
is required to prove motility in this species, but the flagella can be 
stained. Rather large subterminal spores are formed. 

Colony Form. — Deep agar colonies are generally compact opaque 
points when young ; as they age they may tend to break up or become 
surrounded by a delicate corona of short filaments. Later the colonies 
clear, the center becomes cloudy and surrounded with a corona of 
tangled filaments. 

On blood agar young colonies were like those of B. welchii. Older 
colonies were flat, transparent, bluish gray with irregular contours. 

Little reliance should be placed on colony form for identification. 

Physiology. — B. novyi is nonputrefactive, neither blackening nor 
digesting coagulated albumins, such as meat, brain or egg white. It 
resembles Vibrion septique and B. chauvcei closely in its protein 
metabolism, forming little or no sulphuretted hydrogen. An iron 
nail in brain medium causes only the slightest discoloration on prolonged 
incubation. There is no visible action in milk. Gelatin is liquefied 
and blackened. 

Fermentable carbohydrates are necessary for vigorous growth. 
Henry 37 found glucose, levulose, maltose, xylose and starch fermented. 
The records of Mcintosh, 32 Wolf 6T and Weinberg and Sequin 2 disagree 
as to the fermentation reactions, but a recent report states 1 that glycerol 
galactose, saccharose, lactose, mannite, dulcite, inulin and salicin are 

67 Jour. rath. & Bacteriol., 1920, 23. p. 254 
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not fermented. My cultures fermented glucose and glycerol but not 
lactose, saccharose, salicin or inulin. 

Pathogenicity. — Natural infections have been recorded for guinea- 
pigs by Novy, 64 for cattle by Kerry, 65 for hogs by von Hibler, 11 for 
horses by Heller 57 and for man by Weinberg and Sequin, 66 ' 2 - 68 and 
by Henry and Lacey. 69 The findings of Novy, 64 Kerry 65 and Weinberg 
and Sequin 2 in laboratory animals inoculated with pure cultures are 
in substantial agreement. A massive edema with little emphysema 
is produced by subcutaneous inoculation of guinea-pigs. Some strains 
are said to produce a moderately strong filtrable toxin. Weinberg and 
Sequin 2 described strains whose pathogenicity was due mainly to 
virulency. 

My work confirms the high pathogenicity of strains 139 and 140, 
the lesser pathogenicity of strain 153, and the character of the lesions 
described, with the repurified cultures as well as with subcultures 
of the original received. The data presented concern only the repurified 
cultures, however. 

Culture 139 was tested first on rabbits in an effort to produce an agglutinat- 
ing serum. 

Rabbit 935, weighing 1,900 gm., was inoculated subcutaneously Feb. 21, 1921, 
with 1 c c of a 24-hour glucose-broth culture. Next day the abdominal tissues 
were thickened and edematous ; the rabbit was visibly intoxicated, and died 
during the succeeding night. At necropsy the subcutaneous tissues were 
edematous, slightly emphysematous and not notably congested. Gram-positive 
rods were present in smears made from the subcutaneous tissues. There were 
no macroscopic lesions of the viscera. A nonputrefactive anaerobe was recovered 
from the heart blood. 

This result was practically duplicated with doses of 0.1 cc and 
0.01 cc of culture. 

This culture is also pathogenic for guinea-pigs in which the findings 
were identical with those in rabbits. B. novyi infections seem always 
to be characterized by extensive edema with only slight gas production 
and little congestion — in these respects contrasting both with Welch 
infection and Vibrion septique infections. 

Culture 140 has also been tested both on guinea-pigs and on 
rabbits, with similar results. Culture 153 is nonpathogenic for rabbits 
and slightly pathogenic for guinea-pigs in doses of 1-2 c c 48-hour 
glucose-broth cultures. 

«• Compt. rend. acad. d. S., 1915, 161, p. 744; Compt. rend. Soc. de Biol., 1918, 81, p. 184. 
" Jour. Path. & Bacterid., 1920, 23, p. 281. 
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Guinea-pig 943, weighing 200 gm., was given subcutaneously April S, 1921, 
1 c c of a 1 : 10 dilution of 24-hour brain medium culture B. novyi 140. Next 
day the animal was anorectic and in pain from a massive edema that covered the 
abdomen. The animal died during the following night. 

There was extensive subcutaneous edema with necrosis and emphysema 
covering the abdomen and edema without necrosis over the chest. The 
abdominal area was very full of gram-positive rods; there were fewer in the 
pectoral region. The lungs were normal, and the stomach was empty with a 
slight gastric hemorrhage. The intestines were somewhat hyperemia A non- 
proteolytic anaerobe assumed to be B. novyi was recovered from the heart 
blood. 

BACILLUS MULTIFERMENTANS TENALBUS 

This species was described by Stoddard 70 in 1919 as an infrequent 
nonpathogenic anaerobe. According to the description, it should be 
differentiated from B. chauvoei, Vibrion septique and B. novyi by its 
failure to liquefy gelatin and from B. fallax by its fermentation of 
lactose and glycerol. I have encountered no such organism and so 
far as I am aware, Stoddard's work has not been confirmed ; the 
Medical Research Committee 1 summarizes the details of Stoddard's 
report. 

BACILLUS FALLAX 

This is another species that the writer has not yet seen. A culture 
sent from Paris was lost en route through breakage of the container, 
and the species has not been encountered otherwise. B. fallax was 
described as a new species first by Weinberg and Sequin 71 in 1915. 
Recently isolated strains were said to be pathogenic for guinea-pigs but 
the property was lost on artificial cultivation. 72 Five strains of B. 
fallax were studied by Henry. 37 It should be differentiated from B. 
chauvoei, Vibrion septique, and B. novyi, which it closely resembles, by 
its nonliquefaction of gelatin and from B. multifermentans tenalbus by 
its failure to ferment lactose and glycerol. 

Details are to be found in Weinberg and Sequin's "La Gangrene 
gazeuse," 2 in Henry's paper, 37 and in the Report of the Medical 
Research Committee. 1 

Anaerobes with Terminal Spores 

This group comprises : B. tetani, B. putrificus, B. tetanomorphus, 

B. tertius, and B. sphenoides, as clearly recognized forms. It is 

curious that while none of the terminally spored anaerobes is more 

than mildly proteolytic, the first two species are unable to derive their 

'» Lancet, 1919, 196, p. 12. 

1 Compt. rend. Soc. de Biol., 1915, 78, p. 686. 

« Ibid., 1916, 79, p. 581. 
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carbon from carbohydrates and must be regarded as obligately putre- 
factive. This is the only group in which nonfermentative sporulating 
anaerobes are known. 

B. TETANI 

Considering the time elapsed since Nicolaier 73 in 1884 first described 
and Kitasato 74 in 1889 first isolated the tetanus bacillus, and the 
peculiar interest that has always attended the study of both natural and 
experimental tetanus, it is surprising that so much should remain for 
recent investigators to unravel concerning the bacteriology and serology. 
Few species have been subjected to such inaccuracy of conception 
regarding their cultural properties through the presence of anaerobic 
contaminants. I am able, first, to confirm fully the contention of recent 
English writers that pure cultures of B. tetani ferment no sugars, and, 
second, make some contribution to the discussion regarding the pro- 
teolytic activities of B. tetani. Some special observations on differences 
in the form of tetanus colonies are recorded. 

Seven strains have been studied, as follows : 

B. tetani 1 was received Aug. 26, 1916, from the Cutter Laboratories, they in turn 
having received it from the Hygiene Laboratory at Washington for the manufacture of 
tetanus antitoxin. Typical spores were present; 0.0001 c c of a week old broth culture caused 
fatal tetanus in a guinea-pig, and there was no evidence of aerobic or anaerobic impurity. The 
culture was nevertheless repurified 6 times during the interval betwen May 16 and June 28, 
1918, by the surface colony method, using both plain and blood agar. The well separated 
colonies varied in size and to some extent in form. They were always flat and when minute 
were crenate, rhizoid or ameboid ; when large (3-5 mm. diameter), feathery. The largest colonies 
appeared on blood agar which was hemolyzed. Two subsequent purifications by the deep 
method have shown that in different tubes of medium the size and form of colonies may vary 
from minute, more or less compact colonies with irregular bodies to larger feathery colonies, 
such as are generally pictured in the textbooks. 

The repurified culture has maintained the morphologic, cultural and pathogenic properties 
of the original. 

B. tetani ISO A. — This was received Nov. 19, 1920, from Dr. Heller of the Hooper Foundation 
for Medical Research, as a sealed tube of brain medium culture marked "B. tetani U. S. A. 
11, Type 1 of Tullock, from Robertson, now impure." A stain showed gram-positive rods with 
terminal spherical spores. No aerobes were present and 0.001 c c of a glucose-broth culture 
killed a guinea-pig in 3 days with tetanus, while a control pig inoculated with 1 c c of culture 
plus 100 units of commercial tetanus antitoxin was fully protected. 

Evidence of anaerobic impurity appeared in distinct colony differences in deep meat infu- 
sion agar. Certain colonies were diffuse, fuzzy, and larger; these were assumed to be of the 
tetanus bacillus (see B. tetani 130 B.). Other colonies in the same tube were opaque, com- 
pactand smaller; these were assumed to represent the contaminant. Picked into deep brain 
medium, which was incubated and rediluted in deep agar, they found their counterpart in two 
successive daughter cultures with none of the fuzzy, diffuse colonies present. The culture 
was then assumed to be pure. It was surprising to find this culture fulfilling all the requisites 
of B. tetani. Repeated tests for colony type have since shown the form of colony to be con- 
stant for this strain. 

B. tetani ISO B. — The diffuse, fuzzy colonies mentioned in the preceding culture were well 
separated and were picked into deep brain medium, and in 3 repeated serial manipulations 
for isolated colonies only the fuzzy type was present, but in 3 out of 4 succeeding tests with 
cultures picked from fuzzy colonies, opaque colonies similar to those of B. tetani 130 A were 
also present in the deep agar tubes. The proportion of differing colonies in one case was 22 
opaque to 5 fuzzy. Efforts to secure a culture by selective picking of fuzzy colonies that would 
not give also opaque colonies extended almost continuously from Dec. 3, 1920, to June 28, 
1921, and involved a total of 14 successive transfers of well separated fuzzy colonies from 
deep agar dilutions into deep brain, and back again to agar. The last 8 cultures in deep 
agar have shown only the fuzzy type of colony. 

73 Deutsch. med. Wchnschr., 1884, 10, p. 842. 

74 Ztschr. f. Hyg. u. Infektionskr., 1889, 7, p. 225. 
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This strain was tested for identity at rather frequent intervals after the first 3 attempts 
to secure a culture whose colonies would all prove similar in a single tube, and always con- 
formed in morphology of spores, alkalinity of glucose broth cultures, and toxicity, to B. tetani. 
This experience throws some doubt 'on the use of colony differences, even in the same tube 
of medium, as criteria of impurity. It suggests strongly the possibility of a mutating factor 
in the strain producing the fuzzy type of colony. 

B, tetani 131. — This was received Nov. 19, 1920, from Dr. Heller, and this strain too had 
come from Miss Robertson. It was labeled "B. tetani T67, Type 11 of Tullock, apparently 
pure." Typical spores were present, there were no aerobes, and 0.001 c c of a 7-day glucose- 
broth culture kilted a 400 gm. guinea-pig with severe tetanus in 3 days, while 100 units of 
tetanus antitoxin were protective against lcc undiluted culture. There was no evidence of 
impurity. Deep agar colonies observed during 3 successive repurifications were opaque and 
compact. The repurified culture was re-identified in the usual manner. 

B. tetani 132. — This strain also was received Nov.. 19, 1920, from Dr. Heller and, like the 
3 preceding, had come from Miss Robertson. It was labeled "B. tetani h 22 d, Type III of 
Tullock, now impure." 

It contained gram-positive rods, but no spores that could be demonstrated microscopically. It 
was free from aerobes and 0.001 c c of a 7-day glucose-broth culture killed a 420 gm. guinea- 
pig with severe tetanus in 2 days, while 100 units of commercial tetanus antitoxin were pro- 
tective against 1 c c of undiluted culture. Aside from a colony difference in deep agar shake 
culture, evidence of impurity was presented in the presence of bizarre forms wholly unlike 
the classical B. tetani and also in the acid reaction of glucose 1% broth cultures, that per- 
sisted even through the fourth successive isolation. 

About the time this culture was being studied it seemed reasonable 
to assume that all pure cultures of B. tetani should be alkaline, irrespec- 
tive of the presence of carbohydrates, since English investigators had 
recently found that B. tetani ferments no sugar and my own studies 
had seemed to show that the best criterion of fermentation is an increase 
in H + ion concentration. 15 It was gratifying, therefore, to find that 
two further attempts at isolation gave a culture of B. tetani morpho- 
logically, culturally and pathogenically characteristic, whose glucose- 
broth cultures always become more alkaline then when inoculated. 

The contaminating organism of this culture, presumably a glucose 
fermenter, was unfortunately not recovered. The colonies of the 
purified culture are always alike in the same tube and conform in general 
to the usual type but vary according to the consistency of different lots 
of agar. Characteristic pinhead spores were easily demonstrated in 
the purified culture ; their absence in the original culture may be ascribed 
to the acid reaction produced by the supposed contaminant. 

B. tetani 154.— This was received Sept. 16, 1921, from Mr. L. B. Taber, of the Cutter 
Laboratories as B. tetani 247, having been obtained from the Hygienic Laboratory at Wash- 
ington under the label "Tetanus O. T. 026580. There was no evidence of impurity or 
improper labeling. The morphology and cultural reactions in gelatin, glucose broth, milk, and 
brain mediums were true to our present conceptions. All cultures became alkaline and a 
dilution of 1: 1,000 glucose-broth culture killed a guinea-pig with symptoms of tetanus. The 
culture was repurified 3 successive times by the deep agar colony method requiring 3 weeks, 
and the characteristic morphology, cultural reactions, and pathogenicity reaffirmed for the 
purified culture. 

B. tetani 155. — This was also received from Mr. Taber, Sept. 16, 1921, having been 
obtained only a short time previously from the Hygiene Laboratory under the label "Tetanus- 
Court Plaster J. P. L." Every statement made for culture No. 154 in the foregoing applies 
also to No. 155, except that only 10 days were required for 3 repeated reisolations. 

In addition to the cultures mentioned in the foregoing, one was 
received labeled B. tetani that consisted only of B. welchii (see No. 20), 
one containing B. tetani (not isolated) but contaminated with B. 
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sporogenes (see No. 74), and 2 others consisting only of organisms 
other than B. tetani that have not yet been finally identified. 

Morphology.— The glass headed pin type of tetanus spores has long 
been regarded as characteristic; they were present in all our pure 
cultures. Impure strains frequently failed to reveal spores visually, and 
the question as to whether the bizarre swollen forms that occur in such 
cultures are B. tetani or of some other organism requires further study. 
Kanthack and Connell 75 called attention to the pleomorphism of B. 
tetani. There is no doubt of the variability of vegetative forms ; they 
range from the ordinary straight single rods to short chains of rods 
or even long undulating and curled filaments. The rods always seem 
more slender when attached to spores. Rods both with and without 
spores are sluggishly motile. 

Colony Form. — Five strains (1, 131, 132, 154 and 155) conform 
in their surface colonies on blood agar to the beautiful illustration 
shown by Adamson. 76 The same illustration would represent almost 
equally well a cross section of the deep 1% agar colonies of these strains. 
Two other strains, separately derived from a single culture diverge from 
a commoner type ; No. 130A forms compact opaque, lenticular colonies 
with few or no filamentous outgrowths, while 130B forms regularly 
and exclusively now after some 14 selective isolations, colonies even 
more diffuse and hazy in outline than usual for B. tetani. The observed 
differences in colony form seem to be constant and appear both in deep 
agar cultures and cultures on blood-agar slants under alkaline pyrogal- 
lol; the colonies of 130A are minute, discreet, transparent dew drops, 
those of 130B like Adamson's illustration. Yet all the cultures are 
apparently identical in morphology, physiology and high toxicity. 

Physiology. — Nearly 10 years of almost constant observation of B. 
tetani have convinced the writer that the claims of Ferran 77 and Rosen- 
thal 78 of its gradual acclimation to oxygen at atmospheric pressure are 
open to serious question. B. tetani grows only at reduced oxygen 
tensions. 

None of the foregoing strains fermented glucose, lactose, saccharose, 
inulin, salicin or glycerol. Pure cultures of B. tetani are invariably 
alkaline, and since the great majority of both aerobic and anaerobic 
bacteria ferment with acid formation at least monosaccharides, the 

™ Jour, of Path. & Bacterid., 1897, 4, p. 452. 

'•' Jour. Path. & Bacterid., 1920, 23, p. 241. 

" Centralbl. f. Bakteriol., I, O., 1898, 24, p. 28. 

' 8 Compt. rend. Snc. Biol., 1907, pp. 438, 578 & 7S4. 
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alkalinity of cultures known to contain B. tetani is to some extent a gage 
of their purity. A contamination with" B. putrificus could not, of 
course, be detected by this means. 

Adamson and Cutler ™ credit Mace 8 " as the first to demonstrate the failure 
of B. tetani to ferment carbohydrates. Mace's findings were confirmed by 
Dean and Mouat 81 and later by Adamson.'" 

The discovery that pure cultures of B. tetani are always alkaline nullifies 
the writer's suggestion, 82 made in 1913, concerning the use of magnesium 
carbonate as an acid buffer in preparing tetanus toxin. No doubt the strain of 
B. tetani in use at that time was impure since the cultures always became acid 
without the carbonate. 

Tetanus cultures have little or no action on milk, Adamson 78 
observed a white flocculent precipitate which is confirmed in my own 
tests ; prolonged incubation sometimes produces a fairly solid coagulum 
suggesting the operation of a rennet-like enzyme. A slight gas produc- 
tion may occur, but no liquefaction of the casein, although the cultures 
become slightly alkaline. Some gas is produced by all strains of B 
tetani in various mediums; it contains some carbon dioxide and is 
presumably a product of proteolysis. However, the proteolytic activities 
of B. tetani are feeble as compared with those of B. sporogenes, B. 
centrosporogenes, B. bifermentans, B. histolyticus and B. botulinus. 

Smith ** recognized the slowness with which it liquefies coagulated egg 
albumin and its action on brain medium has been a subject of recent controversy. 
Von Hibler 11 considered B. tetani a brain blackener, and Robertson, who first 
agreed, later'* decided with Adamson and Cutler™ that the discoloration 
observed by von Hibler and by herself must have been due to a proteolytic 
contaminant. 

The fact is that pure cultures of B. tetani do blacken brain medium, 
though very slowly and very slightly, so that the reaction is rarely seen 
except in old cultures. The addition of an iron nail to brain medium 
greatly accelerates the deposition of iron sulphid to which the dis- 
coloration is ascribed, so that cultures only a few days old are distinctly 
darkened. 

Coagulated albumins are also slowly softened and digested but never 
distinctly liquefied. Gelatin is liquefied and blackened but certain strains 
(e. g., 130A, 130B, 132), were observed to effect merely a lowering 
of the solidification point of the gelatin, since after 5 days' incubation at 

™ Lancet, 1917, 192, p. 688. 

80 Traite pratique de Bacteriologie, 1913. 

81 Brit. Med. Jour., 1916. I, p. 77. 

82 Univ. of Calif. Pub. in Path., 1913, 2, p. 97. 

83 Jour. Am. Med. Assn., 1908. 50. p. 929. 

84 Lancet. 1917. I. p. 780. 
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37 C. with vigorous growth, as shown by gas, turbidity and blackening 
of the medium, the gelatin would still harden in the ice chest but 
become liquid again at room temperature, whereas the uninoculated 
control remained solid. 

Indol is produced by all of the strains in mediums containing 
trytophane, thus confirming Smith. 83 Adamson 7 " failed to demonstrate 
indol, however. 

Pathogenicity. — All of the purified cultures were highly toxic; 
0.001 cc of the culture or its filtrate almost invariably proved fatal 
for guinea-pigs, with symptoms of tetanus; 0:0001 cc frequently so. 
A commercial tetanus antitoxin prepared by the immunization of horses 
with toxin from culture 1 was equally protective against that from all 
other strains. 

B. PUTRIFICUS 

The early history of this species is all but hopelessly confused. Bienstock 8 ' 
in 1884 described B. putrificus coli, an obligate anaerobe, as the chief cause of 
cadaverous putrefaction. Tissier and Martelly " referred to B. putrificus coli of 
Bienstock as the principal agent in the putrefaction of meats, but their descrip- 
tion better fits the organism now generally known as B. sporogenes. Klein, 81 
in 1901, had described B. cadaveris sporogenes as closely related to B. putrificus 
and both Bienstock ss and von Hibler " declared the two identical. Bien- 
stock M admitted that the earlier descriptions were based on impure cultures ; 
the presence of B. sporogenes may be fairly assumed. In 1906 he clearly defined 
B. putrificus as a nonpathogenic anaerobe, with oval terminal spores that "ne 
detruit que les proteines et ne s'attaque pas aux matieres hydrocarbonees," 
notwithstanding the fact that the proteolytic properties subsequently described 
sound like those of B. sporogenes. 

Bienstock failed to find B. putrificus in the human intestine, but its occurrence 
there was affirmed by Passim, 80 Metchnikoff, 90 Rettger," and others. Most of 
these authors agree as to the lack of fermentative power in the species, but there 
is wide disagreement as to its putrefactive ability. Rettger thought that this 
property grew weaker under laboratory cultivation, a view that is supported by 
Weinberg and Seguin." 

More recently Sturges and Rettger 82 pointed out that B. putrificus displays 
marked putrefactive properties only when associated with some other organism, 
but I was unable to confirm this for any of our strains in brain medium 
inoculated with B. coli or Staph, aureus. 

Certain English writers' believe that many of the cultures of B. putrificus, 
so-called, are really mixtures of B. cochlearius or B. tertius with B. sporogenes." 

8 = Arch. f. Hyg., 1899, 36, p. 335; 1901, 39, p. 39; Ann. de 1'Inst. Pasteur, 1899, 13. 
p. 854, and 1900, 14, p. 750. 

86 Ann. de l'Inst. Pasteur 1902, 16, p. 865. 

87 Centralbl. i. Bakteriol., I, O., 1901, 29, p. 991. 

88 Ann. de l'Inst. Pasteur, 1906, 20, p. 407. 

89 Ztschr. f. Hyg. u. Infektionskr., 1905, 49, p. 135. 
»° Ann. de l'Inst. Pasteur, 1908, 22, p. 929. 

« Jour. Biol. Chem., 1908, 4, p. 45. 
M Jour. Bacteriol., 1919, 4, p. 171. 
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B. cochlearius is the name given by Douglas, Fleming, and Colebrook, 1 in 1919, 
to an organism that seems to correspond to Bienstock's B. putrificus as denned 
in the foregoing. But the English view of B. putrificus as a mixed culture fails 
to account for the lack of fermentative power described by other writers. 

My study of 2 strains marked "B. putrificus" from Dr. W. S. 
Sturges of New Haven, Conn., and of one strain marked "B. coch- 
learius" from England, proves them identical. The prior use of the 
former term, not only by Bienstock in 1906, but as well by Sturges 
and Rettger, in 1919, for cultures of undoubted purity, establishes 
the validity of "B. putrificus" ; ''B. cochlearius" should be dropped. 

B. putrificus 22 and 38. — These strains were received Feb. 2, 1917, from Dr. W. S. 
Sturges of Yale University, labeled, respectively, "B. putrificus No. 5" and "B. putrificus M." 
There was no evidence of aerobic or anaerobic contamination. No acid was formed in glucose, 
levulose, galactose, mannite, saccharose, salicin, glycerol or starch mediums and only a 
slight amount of gas. Growth in all mediums was slow. Notwithstanding the apparent purity 
of the strains, they were repurified during the period between April 15 and July 18, 1918, by 
five repeated isolations from blood-agar slants. The time involved indicates the patience 
required in repurifying even an obviously pure culture of B. putrificus. 

A third culture that accompanied these two presented identical 
morphologic and cultural features but was unfortunately lost shortly 
after these were determined. 

B. putrificus 147. — Thii was received from the Lister Institute, London, March 29, 1921. 
It was labeled "B. cochlearius No. 535 — Strain I. M. I. H. C." There was no evidence of 
aerobic or anaerobic contamination, but the culture was repurified twice by the deep colony 
method, requiring 6 weeks of daily effort. This culture is identical morphologically and cul- 
turally with the 2 preceding. 

Morphology. — B. putrificus is a slender, motile rod with terminal 
spores that are almost round. Spores are produced in all mediums 
that support growth, but never, in my experience, abundantly. Blood 
agar is the most favorable medium for sporulation. Gram's stain is 
retained imperfectly by the vegetative forms, but, curiously, when the 
rods stain, so also do the spores. 

Colony Form. — In deep agar and on blood-agar slants under 
alkaline pyrogallol growth rarely appears before the fifth to seventh 
day when suddenly overnight, particularly in surface cultures, colonies 
of moderately large size may appear. Surface colonies are at first 
transparent, round dew drops ; later they become opaque. On blood 
agar they are hemolytic. Deep agar colonies are at first minute opaque 
points ; later, irregular opaque masses. They correspond to the descrip- 
tion given by the Medical Research Committee J for B. cochlearius 
rather than to that of Weinberg and Sequin 2 for B. putrificus, as the 
latter probably studied cultures contaminated with B. sporogenes. 

Physiology. — This species is without action on carbohydrates ; all 
of the strains produced a slight alkalinity in sugar peptone medium, 
glucose, levulose, galactose, mannite, saccharose, lactose, salicin, glycerol. 
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inulin, and starch having been tested. Broth cultures become slightly 
and slowly turbid and give rise to a little gas. 

A definite but mild proteolysis occurs in suitable mediums. Deep 
meat and brain are softened and slightly blackened after several weeks. 
An intense blackening occurs in a few days in the presence of metallic 
iron. Sulphuretted hydrogen is obviously set free in abundance but 
the feeble proteolytic activity, as of B. tetani and B. welchii, fails to 
liberate sufficient ionizable iron from the tissues to precipitate the 
sulphide. 

No visible change occurred in milk with my cultures, wherein their 
record differs from that of Weinberg and Sequin 2 for B. putrificus, 
but agrees with that of the Medical Research Committee 1 for B. 
cochlearius. 

Gelatin was liquefied by all 3 strains and blackened regularly by No. 
22, irregularly by No. 38, but not at all by No. 147. The last 2 cultures 
grew in gelatin only on heavy inoculation ; in some trials no growth at 
all could be secured with No. 147, judging by the lack of turbidity and 
production. The Medical Research Committee's statement of non- 
liquefaction of gelatin by B. cochlearius needs to be qualified by our 
knowledge of the difficulty of securing growth in gelatin with their 
strain. 

Thus B. putrificus presents an almost complete analogy in its carbo- 
hydrate and protein metabolism with that of B. tetani but B. putrificus 
is a much more difficult micro-organism to cultivate. Deep brain and 
meat cultures often show no visible evidence of growth on several 
days' incubation; however, I have repeatedly made the peculiar obser- 
vation with all of the above strains that if they are then stirred with 
a sterile platinum rod and reincubated, a moderately vigorous ebullition 
of gas occurs in a few hours. It seems that growth is so slow that the 
medium becomes supersaturated. 

Pathogenicity. — No claims for pathogenicity have been made for 
B. putrificus ; broth cultures of my strains were nonvirulent for rabbits 
in doses of 5 c c or less by the intravenous route, and for guinea-pigs in 
doses of 1 c c by subcutaneous injection. Lack of pathogenicity differ- 
entiates B. putrificus from B. tetani. 

B. TETANOMORPHUS 

Obligately anaerobic, nonpathogenic, "pseudotetanus" bacilli were described 
by Sanfelice, 83 in 1893, by Tavel,* 4 in 1898, and the Latinized "B. pseudotetani 

« Ztschr. f. Hyg. u. Infektionskr., 1893, 14, p. 339. 
« Centralbl. f.'Bakteriol., 1898, 23, p. 538. 
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Tavel" and "B. pseudotetanicus Migula" appear in Lehmann and Neumann's 
"Atlas and Grundriss der Bakteriologie" " as synonymous with B. sphaericus. It 
is impossible to identify the descriptions of any of these with the forms known 
today. 

"B. tetanomorphus" was first described by Mcintosh and Fildes 
as type 9 ; the published accounts * are confirmed in part, and in part 
not confirmed, in the writer's study of the following strain. 

B. tetanomorphus 149. — This strain was received March 29, 1921, as No. 543 strain 
259 E. 3 from the Lister Institute. It was said to have been "isolated from a septic wound 
in 1916." There was no evidence of aerobic or anaerobic impurity; notwithstanding the cul- 
ture was repurified, twice by the deep agar colony method and lastly by the surface colony 
method, requiring in all 4 weeks. The morphology, physiology, and nonpathogenicity of the 
repurified culture proved the same as of the original. 

Morphology. — B. tetanomorphus is described as closely resembling 
B. tetani in the morphology of its spores, hence the name; in the above 
strain this is true of certain individual rods, but the majority of the 
spores are slightly oval rather than perfectly round in outline. They are 
usually located terminally but often subterminally, too, and are formed 
abundantly in mediums not containing monosaccharides. 

Colony Form. — Deep agar colonies are small, opaque, irregular 
points, not wooly or branched. Surface colonies on blood agar are 
minute dew-drop-like points, or they may form a spreading, confluent 
growth according to the consistency of the medium. 

Physiology. — Considerable gas is set free in nearly all mediums that 
support growth. Deep brain and meat medium are not noticeably 
blackened or digested even on the addition of metallic iron. It is 
evident that very little H 2 S is set free. 

My record differs from that of the Medical Research Committee 
in respect to gelatin. In three separate tests active growth was proved 
by abundant gas formation within 24 hours, and these cultures hardened 
again in the ice chest daily for 4 or 5 days, but thereafter remained 
liquid. The species is therefore mildly gelatinolytic. Unlike most of 
the anaerobes it fails to blacken gelatin during its growth. 

No change occurs in milk, and there is no action on lactose, saccha- 
rose, salicin, glycerol or inulin. Glucose is fermented. 

Glucose fermentation and failure to blacken brain medium contain- 
ing metallic iron differentiate B. tetanomorphus from B. putrificus and 
the fermentation of lactose and salicin differentiates B. sphenoides, 
which B. tetanomorphus resembles in morphology and in its action 
on brain medium. 

* Lehmann, 1912- 
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Pathogenicity. — B. tetanomorphus has no known significance as a 
pathogenic micro-organism. Subcutaneous injection of guinea-pigs 
with lcc and repeated intravenous injections of rabbits with 2 cc 
of 24-48-hour glucose-broth cultures proved quite harmless. 

BACILLUS SPHENOIDES 

The original discovery and description of this organism is attributed 
to Douglas, Fleming and Colebrook, 1 in 1919, they having isolated 3 
pure cultures from war wounds. The name is derived from the 
somewhat wedge-like shape of the rods at certain stages in the for- 
mation of spores. 

I have studied a single culture, presumably one of the foregoing 3. 

B. sphenoides 146. — This strain was received March 29, 1921, as a sealed glass tube of 
meat mash culture from the Lister Institute. It was labeled "B. sphenoides No. 507 Strain 
Tholly.' " 

There was no evidence of contamination; notwithstanding, after a preliminary examina- 
tion for morphology, nonpathogenicity, and cultural reactions in brain, glucose broth, gelatin, 
and milk mediums, the culture was repurified, 3 times by the deep agar method and once by 
the blood-agar surface colony method and the correspondence of the reactions in the repuri- 
fied culture with the initial ones determined. 

Morphology. — B. sphenoides is a small, motile, gram-positive rod, 
fusiform in the vegetative stage, in which the organisms occur in pairs, 
or even short chains. Spores are formed freely in mediums not con- 
taining fermentable carbohydrates in excess, notably in blood-agar 
surface cultures under alkaline pyrogallol. The spores are at first 
subterminal but become clearly terminal as they mature and are almost 
round. The opposite end of the rod maintains its pointed form. The 
spores are set free in great abundance. The morphology of this organism 
is believed to be unique among anaerobes. 

Colony Form. — In deep 1% agar, isolated colonies are minute 
opaque disks. On the surface of blood agar they are first like minute 
dew drops but become whitish and somewhat opaque when older. 
Hemolysis occurs. 

Physiology. — Growth in brain medium is accompanied by turbidity 
and gas production, but there is little or no change in the consistency 
of the tissue. No blackening occurs even in the presence of added iron ; 
sulphuretted hydrogen apparently is not set free. Neither is indol 
produced. Growth in gelatin occurs with blackening and gas produc- 
tion but without liquefaction. Considerable gas is formed from millj 
but neither coagulation, as observed occasionally by the English 
workers, nor digestion of the casein, occurred in my culture. 

Glucose, lactose, and salicin are fermented with acid and gas pro- 
duction; saccharose, inulin, and glycerol are not fermented by my 
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strain. The English workers reported the fermentation of maltose and 
galactose by all their strains and of mannite, saccharose, dextrin and 
starch also by 2 strains. 

Pathogenicity.— B. sphenoides is quite nonpathogenic in doses of 1 
cc injected subcutaneously into guinea-pigs and 2 cc injected intra- 
venously into rabbits. 

BACILLUS TERTIUS 

B. tertius was named by Henry 9 " as the third most frequent anaerobe 
encountered in war wounds. It was supposed by him to be identical with an 
organism found by Rodella "' in the stools of infants, in 1902, "von Hibler's " 
bacillus" " and Fleming's m "bacillus y." In addition to the foregoing, good 
descriptions appear in the work of the Medical Research Committee ' and 
Weinberg and Seguin. 2 

I have examined a single strain as follows : 

B. tertius 148. — This strain was received March 29, 1921, from the Lister Institute, 
under the label "B. tertius No. 542 — Strain Renard." It was said to have been isolated from 
a case of gaseous gangrene in 1918. An aerobic coccal contamination was eliminated by boil- 
ing a deep brain subculture 2 minutes. After an initial study of the morphology, cultural 
reactions, and nonpathogenicity, the culture, in spite of its apparent initial freedom from 
anaerobic impurity, was repurified twice by the deep agar method and once by the blood-agar 
surface colony method. The properties of the repurified culture were identical with those 
of the original. 

Morphology. — B. Tertius is a slender, gram-positive rod, with 
elongated oval terminal spores. Blood-agar surface cultures show the 
morphology most typically. The form of its spores separates B. tertius 
from all other anaerobes except B. spermoides, from which it may be 
differentiated by its sluggish motility, failure to blacken iron brain, 
and to liquefy gelatin. 

Colony Form. — Deep agar colonies are minute, compact, opaque, 
lenticular masses. Surface colonies on blood agar are hemolytic and 
resemble minute dew drops in their transparency and shape when young. 
They become more opaque on prolonged incubation. 

Physiology. — There is little or no visible action, aside from abundant 
gas production, on brain medium or other coagulated proteins. Neither 
brain nor meat is blackened even in the presence of metallic iron. 
Gelatin is not liquefied, but gas is produced and the precipitate 
blackened. Milk is fermented with gas and acid formation. In the 
constricted tube a soft clot forms below the marble seal; the clot 
never becomes heavily gas blown as with B. welchii, and the fermenta- 
tion would not be characterized as "stormy." The clot is not sub- 
sequently digested. No indol is produced in peptone broth. 

M Jour. Path. & Bacterid., 1917, 21, p. 344. 

i Ztschr. f. Hyg. u. Infektionskr., 1902, 39, p. 201. 

•» Lancet, 1915. 2, p. 376. 
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B. tertius ferments glucose, lactose, saccharose, and salicin, and 
not inulin and glycerol, according to my study. 

Pathogenicity. — B. tertius is nonpathogenic for guinea-pigs in doses 
of 1 c c of glucose-broth cultures given subcutaneously and for rabbits 
in doses of 2 c c given intravenously. 

SUMMARY 

A critical study of the taxonomy of the obligate anaerobes based 
on a collection of carefully and repeatedly purified strains, secured 
from various sources, is presented. 

Emphasis is laid on certain purity as an underlying principle in 
the classification of the anaerobes. Both surface colony and deep 
colony methods of isolation were practiced successfully, but experience 
teaches the superiority of the latter for most cultures. The great 
frequency of misnamed and anaerobically contaminated cultures among 
those received from various laboratories is pointed out. 

Various criteria for identification are discussed in the order of 
their proper utilization, with respect to their significance, technic and 
limitations as follows: Morphology, action on proteins, and action 
on carbohydrates. These points are utilized in setting up a differential 
key that may be used in the identification of the forms most commonly 
encountered. 

The last section of the article discusses the details of origin, purifi- 
cation, differentiation and identification of these cultures: B. bifer- 
mentans, 3 strains; B. welchii, 6 strains; B. centrosporogenes (n.sp.), 
4 strains; B. butyricus, 2 strains; B. botulinus, type A, 2 strains; 
B. botulinus, type B, 3 strains; B. sporogenes, 24 strains; B. histo- 
lyticus, 1 strain; B. chauvcei, 1 strain; Vibrion septique, 7 strains; 
B. novyi, 3 strains ; B. tetani, 7 strains ; B. putrificus, 3 strains ; B. 
tetanomorphus, 1 strain ; B. sphenoides, 1 strain ; B. tertius, 1 strain. 



